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" A STUDY OF TECHNIQUES FOR REDUCING THE NOISE TEMPERATURE OF -
A PASSIVE PARABOLOIDAL REFLECTORS

ABSTRACT ’. z X'/ 5/

I Results of this atudy include presentation and analysis of the basic physical

Lk i

factors influencing the effective noiss temperature of passive paraboloidal reflec- ‘

tor antennas; description of a novel shaped beam "fluted feed" surface wave structure 5

.,

R Ny

capable of,ihproving7conventiona1 paraboloidal antenna low noise performance by a

factor af-betweon:two‘lnd five; and presentation of design information and experi-

mental results for a completely new Cassegrainian sectoral horn-reflector antenna
which is physically compact, attaing an equivalent antenna noise temperature of less

than five degreea-xélvin,'cnd tpﬁeare in nearly all respects to be superior to all

other low noiaé‘antenpae currently available.

‘A discussion of external noise sources is presented including contributions due
| ‘ to g,élactic radiatioh, atmospheric absorption, ground radiation and various other
influences. The dependence upon internal noise sources such as transmission line
losses, mismatch losses, reflector surface error, and aperture blocking are dis-
cussed. An analysis of various feed shaping techniques for optimizing the ratio
of gain to effeutive antenna temperature is presented and experimental results of

various foeds employing these techniques are presented Primary and secondary
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pattern evaluation techniques are also developedwproviding & means by which the low

noise characteriatics of exiating and developmental feeds or antenna systems may be

evaluated. ]Characteristica for a novel surface wave feed structure designated the
fluted feed are presented, 'The fluted feed is shown to have several significant
advantages over comventional feeds resulting in a substantial noise temperature per-

{ormance improvement for conventional paraboloidal reflector antennas. The fluted
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~ Teed design is shown to have nearly uniform reflector illumination maximizing gain

and efficiency, low spillover at the aperture edges minimizing minor-lobe energy,

equal beamwidths in the E-and H-planes, complete polarization flexibility, negli-

E. gible aperture blocking in high gain applications and to be adaptable to monopulse
- tracking. |
* The Cassegrainian sectoral horn-reflector antenna, designated the KSK Antenna,

is a Cassegrainian adaptation of the sectoral horn-reflector "sugar scoop" antenna.
The latter antenna has obtained excellent low noise performance, but is mechanically
complex and of large physical size. The KSK Antenna overcomes these mechanical dis-
advantages b} the use of a hyperboloidal reflector at the mouth of the horn trans-
forming the antenna into a Cassegrainian system, Advantages gained by the KSK _
Antgnna are exceptional low noise characteristics with high efficiency, physical
compaciness, mechanical simplicity, negligible aperture blocking, operation without

. radome, adaptability to monopulse operation and economic feasibility,
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I<w Noise Antenna Recuirement
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The development of low noise solid state amplifier systems, such as maser
and parameiric amplifiers has caused a re-evaluation of the role which the antenna
prays in limiting the performance of a communications system. The extreme sensitivities
attainable by the solid state "cooled" amplifiers, correspénding to equivalent ampli-
fier noise iemperatures of but a few degrees Kelvin,indicates that ihe noise contiri-
butions erntering the receiving system from envirommental sources external to the
anterra and from the losses occurring within the antenna may place an important
Zimitation on system sensitivity. The noise received by a radio or radar system
from external radiating sources has become of increasing importance as the effective
aperturcs of antennas have become larger, and as receiver systems have become more
sensitive.

7ily is generally iimited by the noise contributions
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gensraved either internal or external to the system which have a tendency to mask

1@ recelved signal energy. The problen Is hence one basically of obtaining the

£h

opuirurm, or highest, outpul sigral-to-noise ratio (SXR) for a given set of irpu

conditions. This infers direcily that the solution may involve a minimizaiion of

the total system rnoise source level, inciuding both internal and external sources.
anvenna system design in the past has been primarily concerned with achieving

specilied direciive gain Ifrom a givern antenna coniiguration. Factors such as
& o &

a

aperiure elficlency, spillover enerzy; minor-lobe level C ’

s
~csses5, transmission line losses, and aperture biocking effects have oten been con-
sicdered importani only in the manner in which they effect gain or side-lote charactier-

tics. Kowover, the influence which these and other antenna parameters have in

s
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determining the noise characteristics fo the antenna system must be analyzed and
evaluated in order to obtain the optimal relations for these factors in the low .
rolse antenna applicatiorn,.

The total system sensitivity, expressed as a signal power density lievel at
a given signél—to—noise ratio (SMR) is directly influenced by the background noise
~evel with which the desired signal must be interpreted. The ability of microwave
receliver systems wo devect small signal power levels at a given SNR relates‘directly
tc the internal roise gererated within the receiver system. For this reason, the
sensitivily ol a receiver system may be expressed in terms of its equivalent rnoiss

venperavure. The improvement in receiver system sens¢L¢V“t¢es which has occurred

curing the past three decacdes is in certain resnects guite amazing. Jurirnz this
Vol ) s (=3

;nzerval)an overall sensitivity improvement of about three orders of magnitude has
veen realized., Maser sysicris in particular have attained operating lerperatures

in the order of a few degrees Kelvin and it appears questionable whether any im-
PIOVensnu L thelr operating nolse temperature charscteristics causes an appreciable
lrprovenent in ihe total system sigrnal-to-roise ratio. The more advanced maser
Sysiems presently operate at noise itempsratiures in the order of the minirum exter-
fa..y generavea noise. It Is nol surprising that conventioral passive parabolceidal
rerlecior antenna systems wnich generally have not been designed specifically for
tie low noise application should become significant conirivutors to the degradation
of tae total system sensitiviiy.

To illustrate the prese
1, vhich is a swrvey of operational receivers for use in the microwave
Tegion and somewhat below. It is clear from these plots that effective rsceiver

noise temperatures in the order of 30° Kelvin or less are possible throughout the
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entire NASA frequency range of interest. The low receiver noise temperatures avail-
able wiih masers, paramps, and certain other devices may be compared with older
techniques such as receivers utilizing crystal mixers operating in the microwave
region, or conventional detection techniques employing electron tubes. It is ap-
parent that rnoise temperatures lfor the older systems operating in the microwave
rezion of approximately 500 - 20C0° Kelvin were not uncommon. The abscissa on the

receiver low nolse capability plot represents operating frequency, and the ordinate
P P p p 8 q 7y

on the plot indicates the noise temperature in degrees Kelvin and is also repre-
sented by the noise figure OF) in decivels. There is a simple relation converting
noise figure in decibels to noise temperature in degrees Kelvin which is given by
the expression

TA=(NE-1) T .

. . . (s . g
wiere T. 1is the reference temperature generally taken as 290 Kelvin. This may

)
also be written in terms of the noiss figure as
W =1+7/T
i o
or in logarithmic form, the noiss figure may be writlen as

/7).

N (db) = 10 leg (L + 7

A
It is also interssting to note the relative advantages of low noise anternna

systems in terms of overall system sensitivity. To illustrate this, a hypothetical

lunar space provo exanple has been devised involiving transmission of informatiocn

Ircn a telemetry transmitter in the region of U

A m reveawe
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arth., Figure 1i-2 shows a plot of the power required at the space trobe
iransmitier in the vicinity of the moon for various low noise receiving antenna

syctems. The separation between the antenna systems is taken as the mcan lunar dis-

tarce of approximately 250,000 miles. It is clear from this plot that if payload
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. transmitter power is to be kept at a reasonable level, i. e., in the order of tan

1 watis or less, and if the information rate and signal-to-noise factors are to be

maintained within the specified limits, a sensitive and therefore low noise antenna

e8]

né receiver system must be employed. The conditions Tor this example are described
in the ligure and are believed reasonable design relations for a space mission of
this type.

~.2 0Oblecvives of the Study

The general objective of the study program is the investigation of techniques

o’
~
o
&}
Fae
OJ
la)
[

reduciion in the effective antenna noise temperature of passive para-
toloidal rellector antennas may be achieved. Attainment of this objective is de-
ired within the Iramevwork of the system performance requirements involving an

optimization of the various relations including antenna gain, S)R, and cther factors.

.

Three specific study obJectives were considered quite irportant, and may be
. lisvaed as Tollows:

L. Consclidation of information describing and establishing relations concern-
ing the various physical factors involved which influence the noise temperature
characterisiics of passive paraboloidal reflector antennas.

2. An investigalion of means and the determination of general design criteria

by which the effective noise temperature of passive paraboloidal reflector systems

of three gereral.classes might be minimized or opitimized with other antenna con-

S+ ZDevelopment and fabrication of antenra feed designs and antenna systen

conligurations which demonstrate the developed design criteria and resuii in signi-
icant improvemenis in the low noise perfcrmance characteristics of existing or

.

4y
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future passive paraboloidal reflector antenna systems.

- -~

-~ Artenna Joise Tcomperature Concent

The antenna noise temperature concept for describing antenna noise temperature
or otvher ccrponents of circuii noise is based upon the equivalence in the radio
frequency region of the received noise power density spectrum averaged over a specified
bandwidth and the corresponding black body radiation temperature for a totally emis-
sive sourée radiating an equivalent noise power density spectrum. The antenna noise
temperature is actually an "effective" noise temperature related to an equivalent
power density spectrum for a black body radiator which may replace the antenna system
and will provide an equivalenit power in the specified bandwidth. Since this char-
acterization of noise power is fundamental to the low noise antenna field, it appeaxrs
worvnwnile o develop the "effective noise temperature" concept in sufficient detail
v insure approciation oft its validity and limitations.

Thas effective,noisé tempefat’*e representation is based on the variation in
raciation intensity per unit bandwidth for black body radiation in the Raleigh-
Jeans approximation region of the Planck radiation Zaw. The Planck radiation law
expresses the intensity of rédiation within an enclosure in thermodynamic equili-

brium at a temperature T as a function of frequency, f, as:

- T\ = 2’r~.i hf 0
I (50 = &5 exp (-3 ) -1 | ~

where ¢ is the velocity of propagation, h is Planck's constant, and k is Bolitzmann's
constant. Since uhe peak region of the Planck‘radiation law occurs at wavelerngths
somewnat shorver ihan those generally encountered in the microwave regiog)it is
pessible,.to use e approximation for the long wavelengih region in describing the



character of the radiation in the radio frequency range. This region may be
approximated by setiing

hMfc<ci1 for £<< fpeak.

kT

Using the expansion for the exponential term we have

3
If (T) = ‘2h§‘—— (1 + E%— 4+ o o -1)'1
c

waich simplifies to

2
2k T 21T
Ip (T) 2 ’{12“'

¥

This 1s known as the Raleigh-Jeans approximation to the Planck radiation law.

Tals

expression indicates that the Intensity of the radiation, and hence the power received

e

per unit bandwidih is directly proportional to the temperature T. The direct relation

existing in the Raleigh-Jeans region between intensity, or spectral power densiity, and

vemperature enadles expression of recelved nolse or signal energy in terms of an elfeciive

£

vemperature instead of power density. The effective noise temperature may therafore

o8 Gefined as a fictitious absolute temperature (usually in degrees Kelvin) such that

the noise power per unit bandwidth, or spactral power density, for a given poiarization

is expresced as

wiere X is Bollzmann's constant (1.36 x 10797 Joules/deg K),
The nolse power density in a bandwidth 3 is

~ 1, ™
Pn = &k i B

wilch 1o the "avallable' power density of the nolse power in watts per squure mever,

or similar uiits, and B is the bandwidih over which the noise power is measured.

1
]

the case of a generalized bandpass response, such as that of a following rsceiver,




. - the bandwidth may be defined as

+00

B = 1 q £ \2 ar
‘H(fo) 2 ‘ﬂ( :

-00

wnere H(f) is the frequency response function of the particular device and fo is

the frequency of maximum response. The noise bandwidth, B, may be coﬂsidered equi-
valent to fhe bandwidth of a filter network of rectangular bandpass characteristics
of height H(L{ ) and width B.

The total noise of a recelving system may be expressed as a system noise tempera-
ture, Tgy»which 18 simply the sum of the various effective noise temperature components

as illustrated in Figure 1-3, i. e., of the system,

3
#
™=
»3
’.Jo

FJ
It
—

SN

waere 13, Tp, T3...Tn might be the effective noise temperature coniributions from
the various external and internal noise sources. These noise sources may be regarded
as the sum of the contridbutions from the following general areas:

a) Receiver “aternal noise contributions

b) Transmission line, feed or sub-reflector support, and mis-maich losses

"¢) Anterna noise contributions. .

The receiver noise and transmission lire loss effects may be considered as internal
nolise sources; the antenna noise contributions are generally taxen as ex.ernally gene-
<0ns. Figure 1-4 illustrates the general manner in which the internal
ana external contributions influence an antenna system,

The eflective anitenna noise temperature is determined principally by the antenna

power gain functlion and the corresponding environmental noise temperature distribution

-9-
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nout all of space.

througt
The nature of the antenna environmental noise characteristics must be analyzed,
as well as the manner in which the antenna operates on the environmental effective

temperature distribution.
This may be written

The total antenna noise temperature may be determined by integrating the noise
power spectral density expressed as a nolse temperature over all space weighted by

the corresponding antenna gain function over all space.

hn
{7 ) 6 () dan

Tg = —
un
o () dn

0\,\

may be placedAin conventional spherical coordinate form where d{Q is the solid
Ln
angie given by sin 6 do ¢f, and J- G (}) df2 = Lr steradians, assuming a radiation

vrie &
iAAJ—c“

We therefore have for the effective antenna noise

efliciency arproaching uaity.
“erperavure delermined eSsentlally from appropriate gain "weightings'" of the environ-

temperature distribution at all angles in space:
s (6,9 a(e, ) stneds dg.

T

1+~
>

£
v

S|
O

a L
is imporvant to note that the function Tg (6, @) represents the effective space

unction of direction referenced to the antenna, and is often a
Certain of these factors are no

It
temperaiure as a £
quite complicated function involving many factors.

ctions of spatial location only, but are dependent upon time, geographical location,

S
ad s

b4y

conditions, position in galactic frame, and many other considerations.

T
tal Noise Distribution
Trne relavions hLave been presented which specify the effective antenna rnoise

veathe

P

4
'y

L Znvironme

.
erature primarily as a function of the antenna far field power gain resbonse
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function and the corresponding environmental noise temperature distribution inte-

grated over all space. This relation may be written as

1

Ln

Ta=—— [ oD 1 e

which neglecis heating and reflection losses in the system, generally a valid
assumption.
The antenna gain funciion can generally be determined, hence it becomes necessary
10 cetermire the envirommental noise temperature distribution in order to interpret
the marmer in which the various noise sources and contributing spatial regions in-
fivence the effective antenna noise temperature. )
A reasonably compleze‘analysis of the envirommental noise factors was believed
ccsira?le and i1s presented in the Analysis section of this report in detail. A brief

discussion ol the general considerations relating to this phase of the investigation

ppears 1o be in order and is presented to assist in furnishing an overall view of

[\
(S
[ef)

+
i

5y

. relations involved in this aspect of the study.

Three principal noise factors contribute to the anterna noise temperature

29
FJ
0
iy
B

e characieristic of the antenna's operating envirormert. These three ncise
generating mechanisms are space related in that two constitute "sky noise" sources
and the‘t ird refers to radiation from the ground, or "ground noise". These princi-
palL nolise sources are:

i. Thermal radiation noise associatea with the ground region.

2. Galactic radiation noise associated with the distribution of stellar scurces

.

and cervain galactic "contiruum" effects.




3. Atmospheric absorption losses and re-radiation noise due to the components
of the atmosphere.

The thermal noise associated with the thermal radiation characteristics of the
ground in the vicinity of the antenna system appears as a noise source extending °
over the half-space bounded by the sky region, and of an effective noise temperature
essentially that of the ambient ground temperature. An effective value of about
BOOO.Kelvin is often taken as a reasonable estimate for the noise temperature of the
ground region., The actual noise temperature is actually somewhat less, since the
ground region is not a perfect black body~radiator but has an emissivity factor which
in general diffefs appreciably from unity. Corrected values 6f about 2L0-250° Kelvin
are probably more realistic on an average basis.

At microwave frequencies, reasonably high values of noise temperature are asso-
ciated with the ground region relative to the noise temperature values of the sky
region, This factor emphasizes'the importance of improving the radiation character-
istics of the antenna system in the ground region if the influence of the ground
temperature distribution upon the effective antenna noise temperature is to be
minins zed.

hoise energy of galactic nature is primarily due to the various radiative
mecnanisms of stellar sources and is therefore unevenly distributed in space and

is ‘requency dependent. The maximum intensity galactic radiation is,as expected,

)

from the direction of the galactic center or nucleus, The minimum intensity of

gaiactic noise is generally assoclated with U

+3

ners are also a number of reasonably strong discreet source radiators, however,
due to their relatively small angular extent in terms of most antenna systems, these

sirong sources will be neglected.

~12-
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Almospheric absorption and re-radiation is principally due to water vapor,
oxygen and nitrogen pressure broadened molecular resonances occurring in.the milli-
reter wavelength range. This effect is therefore directly proportional to atmos-
pheric conditions, and the extent of the atmosphere through which the artenna beam
rmust pass. Therefore, in general,‘the atmospheric absorption and re-radiation
elfects are maximum along the horizon corresponding to the longest path through the
avmosphere. The frequencies of maximum loss or noise temperature degradation corres-
pond tg the wavelengths at ﬁhich the pressure broadened molecular line resonances
occur, Noise temperature degradation due to atmospheric absorption at frequencies
1ess ‘han one Ge are extremely small, and rise steadilly to noise temperatures of
S0-300° Kelvin at Zenith for the first line resonance, occurring for water vapor

at about 25 Gec. )

1.5 Iow Noise Antenna Optimization Critaria

The development of optimum criteria for the design of lo* noise antennas may
be considered as essentially a problem in cbtaining the maximum signal-to-noise
ratio (SNR) for the antenna system.

It has been indicated that various techniques which result in considerable
improvement in antenna noise temperature are often quite undesirable and actually
degrade the SNR capabilities of the antenna system. A typical example of one of
these techniques is the under-illumination of an aperture. It is possible in this
manner to obtain considerable improvements in the antenna noise temperature since
a considerably larger fraction of the primary energy may be considered as contained
witain the secondary aperture extent. The diéadvantage of this approach is a re-

ruced aperture efficiency with resulting ioss in gain, The decreased gain reduces

the available signal power but generally does not influence the antenna noise power,



Hence, an immediate degradation of the antenna system SNR may occur if the improve-
ment in antenna noise temperature does not at least match the loss in gain. The

gain ioss which oécurs in a particular system is directly described by the ratio of
the aperture efficiencies, before and after improvement of the antenna temperature.
The noise temperature improvemeni, however, is a function of principally the feed
characteristics, and to some extent the reflector characteristics. For example, an
under-illuminated antenna may achieve a factor of two reduction in effective antenna
roise temperature by means of a factor of four decrease in aperture efficiency. This
antenna weuld be more desirable by a factor of two in its noise temperature character-
istics than previously, but would be simultaneously'less desirable in its overall
perfoimance characteristics expreséed as a signal-to-noise ratio, again by a factor
of two. This apparent inconsistency should stress.the fact that antenna temperature

n itsell may have small significance in describing certain antenna systems; the re-

1]

u.ting antenna system SNR is the important factor. For antenna systems of constan:,
aid in particular reasonably high, aperture efficiencies, the defining factor becomes
simply the antenna noise temperature.

An oplimization procedure is therefore required involving gain improvement with
correspon@ing high values of aperture efficiency and antenna system noise temperature
improverent which 18 principally a function of the primary feed illumination and the
envirormental noise distribution.

an analysis ol these considerations was believed to be important and necessary
ror effective design and evaluation of lqw noise antenna systems. The discussion
of these considerations is presented and includes the relation between the principal

factors involved in determining the optimization criteria. In particular, the signi-

Ticance of primary beam-shaping techniques is discussed as a means for obtaining hoth

-1l-



nigh efficiency and minimal antenna noise contributions from the environmental noise
distribution providing a means for maximizing the antenna system SNR.

1.6 Averture Distribution Factors

It is possible to analyze various aperture distributions and to evaluate their
crnaracteristics in terms of aperture efficiency and equivalént antenna nolse tempera-
ture-for a typical temperature distribution. Analysis of a number of aperture distri-
butions was accomplished using this principle, and the results are presented.

cince the antenna gain determines the intensity of the signal power received,
high aperture efficiency appears desirable in order to maximize gain. However, if
an attempt Is made to altain high values of aperture efficienéy by uniform illumi-
nation over an aperture, it is found that high levels of spillover generally occur
bccause of the difficulty in realizing the sharp illumination taper required at the
aperture ecdge. Rapid tapering of the energy distribution in the region of the aperture
edge to a low value is necessary and requires a primary feed aperture sufficient to
cuvain the desired taper. Primary feeds must be limited in physical extent and there-
fofe it irfers that a compromise, or optimum, condition exists. The amount of feed
blockage which may be accepted in the aperture region is an important factor in estab-
+ishing the optimum feed system extent and hence the resulting aperture distribution.

: A discussion of the various factors influencing the low noise characteristics

and limitations of conventional aperture illuminations and the applicability and feasi-

bility of certain optimal aperture illumination techriques is included in the report.

-15-



IT INVESTIGATIONS
2.0 INVESTICATIONS

A considerable amount of worthwhile information was obtained during the course
of the study of theoretical, analytical and experimental nature. Information is
presented which relates to the extent and distributioh of environmental noise sources
and the means by which they influence a general antenna system., Investigation of
these relations and their dependence‘upon the various design parameters, such as
frequency, antenna pointing direction, and other factors, forms an important basis
for the ensuing discussion of low noise optimization techniques. The design criteria
gecessary for the improvement of low noise antenna feeds and antenna systems is a
necessary prerequisite to the intelligent development and evaluation of low noise
antenna systems. Of considerable practical importance and possibly the most bene-
ficial investigations perforﬁed during the study relate to the development of several
practical techniques by which a reduction in the noise temperature of passive para-
bdloidal reflectors may be attained. Experimental effort enlarging upon ;nd verify-
ing the analytical investigations resulted in a number of fabricated antenna feeds
and antenna systems. These antennas and antenna.feed systems demonstrated signi-
ficant improvement in low noise antenna performance over that a;ailable by conven-
tional means.

In order to place the investigations in the proper perspective, it appears
worthwhiae to discuss individually each of the principal investigative areas. As
indicated previously, it is quite important that a reasonably thorough treatment be
given the basic considerations determining the low noise performance of general anitenna
systems. Consolidation and analysis of this information is essential to providing

the erfective design criteria required for a sound approach to the low noise antenna

design problem. For these reasons, a reasonably complete investigation of the

-16<



‘, ‘ fundamental parameters influencing the effective antenna noise temperature and the
“ basic relations governing related antenna performance were believed necessary,

Low noise antenna evaluation methods were also believed to deserve attention
since the merit of a particﬁlar design or design apprgach is determined by its low
rnoise performance characteristics, which generally are quite difficult or at times
impossible to measure. Hence, a reasonable effort was believed desirable in develop-
ing analytical or graphical‘means by which existing antennas-or antenna designs
could be evaluated.

It is important to note the extent and limitations of the program. The antenna
systems ol interest are generically passive paraboloidal reflectors. This includes,
fortunately, nearly all present antenna systems of proven low noise capability in
the frequency range of interest to NASA, i, e., about 136 Mc to L.l Gc. The types
of passive parabbloidal reflectors treated may be separated into the following
general calegories. Firsi, the conventional focal point fesd-reflector systems
which is'the.antenna class to which most of the NASA large tracking antennas Be-
long. JSecord, the Cassegrainian antenna systems which have met with considerable
success in many low noise applications. Third is the sectoral horn-reflector, or
"sugar scoop" antenna, which is essentially also a passive paraboloidal reflector
suriace coupled to a moderately flared sectoral horn feed system, A fourth antennsd
iype is also included as a new system developed under the study program. This
antenna class consists of a Cassegfainian adaptation of the sectoral horn-reflector
sysvem. Thi
paraboloidal surface and appears to have significant advantages over the sectoral

horn-reflector system.

The areas of investigative effort concerning passive paraboloidal reflector

-17-




anvennas therefore reduce to the following:
. 1. Foecal point' feed-reflector antennas
2. Cassegrainian antennas
3. Sectoral horn-reflector antennas |
L. Cassegrainian sectoral horn-reflector antennas.

The general plan of the investigation was to treat the first and second cate-
gories s;parately. A comparative evaluation was then planned including th® known
characteristics of the sectéral horn-reflector antenna with the results obtained
from a fabricated developmental model of the Cassegrainian sectoral horn-reflector
antenna. In this manner, all significant configurations of passive paraboloidal
refiector systems would be included in the investigation.

The irportant factor determining the merit of a focal point feed-reflector
antenna éystém is found to concern the energy distribution from the primary feed.

. This criteria is found of general importance if low noise antenna characteristics
are to be combined with reasonable gain values for the antenna. For this reason,
a rather detailed section of the investigation is devoted to shaped beam feed
approaches,

The general features of the Cassegrainian configuration were found to be of
value in themselves and were thereforé treated in some detail., The shaped beam
Teed requirement for Cassegrainian systems was also believed important. To this end
a somewhat unusual Cassegrainian antenna utilizing an ellipsoidal sub-reflector was

investigated.

pared with the sectoral horn-reflector system. An evaluation of the various low

noise designs was considered worthwhile and is included.

-18-
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The important areas of the investigation may be outlined in brief detail in
order to present a general outline of the program effort.

2.1 Iow-Noise Antenna Design Criteria

'

The various parameters involved in the effective design of an anlenna system
for low noise applications were analytically related and evaluated, Factors found
to play.an important part in the antenna temperature determination include two cate-
gories of noise sources. The first of these may be designatea as external noise
sources, and the second as internal noisé sources. External sources include such
factors as the galactic noise power density distribution, the atmospheric absorption
losses and re-radiation noise and the ground thermal radiation noise., Internal losses
ocecurring within the antenna which degrade the low noise performance of the antenha
inclucde . factors such as transmission line losses, mismatch losses, reflector sur-
fage losses, surface error, and miscellaneous other items. Other importani para-
meters essential to the design of low noise antenna systems include the average
level of ithe minor-lobe radiation, the primary feed beam shape, the aperture effi-

ciency, and other factors.

2.2 Evaluaiion and Performance Prediction Technigues

'In order to analyze certain low noise feed systems which were developed during
the program, a graphical technique was developed for evaluation of the antenna feed
i1lwrination. This technique also served as an aid in the prediction of antenna
system noise lemperature. The method involves essentially an integration of the
measurec pattern characterisiics weighted by an estimated spatial temperature dis-
trioubion which may be accomplished by means of a planimeter on a linear graphed
pattern plot, or by the use of a digital computer programmed to accomplish in general

the same integration. This technique has been of considerable assistance and has

-19-




proven quite successful in evlauating feed designs developed during the program.
The evaluation results have been demonstrated to predict values in close agreement
with those measured and calculated by others. Methods by which both primary and
secondary patterns may be evaluated are presented. |

2.3 Shapned Beam Feed Approaches

A dielectric lens feed employing a half-pillbox horn fed by a broad beam
waveguide was designed and tested during the program. Measured patterns for this
feed are presented along with a discussion of its features and difficulties.

A feed design which appeared early in the study to warrant investigation and
subsequently developed into a very satisfactory low noise feed system involves the
surface wave field energy "trapping" principle. It was basically desired to broaden
the beamwidth of a primary illumination by the use of either dielectric or metallic
p.ates in the shape of possibly a cone fed by a conventional dipole or ﬁaveguide
horn. It was felt that if effective trapping of the electromagnetic energy along
the surfaces of the surface wave structure could be maintained, a triple lobed
primary pattern instead of a single lobed pattern could be achieved. Thils pattern
offers a good approximation to the uniform illumination primary pattern desired across

the secondary aperture. It would have the additional advantage of a reasonably

H

'Pid taper ol the energy distribution in the region of the aperture edge. MNMinor
difficulties were encountered concerning the response of the surface wave siructures
to small variations in certain paraméters such as illumination horn protrusion depth,
face wave structure included angle, and length of the surface wave structure. |
The principal difficulty inhérent in the surface wave feed structure appears to con-
cern the.difference in energy trapping efficiency of a given surface wave device

to the polarization of the incident wave. Investigation of this effect ané experimental

=20~



3
results are presented including a low noise feed design, designated the fluted feed,
wnich overcomes this problem in a novel but very successful manner.

2.4 Cassegrainian System Considerations

Cassegrainian antenna systems have found increased application as low noise
arntennas due primarily to their favorable spillover placement characteristips. A
large variety of Cassegrainian configurations are possible; however, the surface
pair conventionally employed is the hyperboloidal sub-reflector imaging the focal
point of the paragoloidal surface to a point near the center region of the para-
boloidal surface. In addition to placing the spillover portion of the antenna radi-
ation p;ttern in the relatively "cool" sky region in place of the relatively "hot"
ground region, there are certain other inherent advantages to the Cassegrainian
configuratién. Modern low noise receivers such as maser systems are often quite
compieX requiring considerable cooling, stable "pump" source power, and various
other services. There is a definite advantage in placing this equipment in the .
vicinity of the secondary surface of the Cassegrainian antenna, instead of at the -
focal point of the paraboloidal surface. A discussion of typical improvements
br‘ught about by means of the Cassegrainian antenna and other areas of difficulty -
principaliy relating to illumination proglems are discussed.

2.5 Ceooscgrainian Bllipsoidal Sub-Refleror

-

An unusual conliguration of the Cassegrainian system employing an ellipsoidal,
sub-refiector in place of the conventional hyperboloidal sub-reflector appears to
AL A
VdaoCd
vantsges and difficuities associated with this configuration are presented. Experi-
Lental work which was done in this area illustrates the principal features and des-

cribes certain desirable aspects of this technique.

-21-



2.6 Cassegrainian Sectoral Horn-Reflector Antenna

A quite interesting and practical adaptation of the sectoral horn-reflector
system employing a Cassegrainian approach Qas been investigated. This antenna sys-
ten appears from experimental measurements to have extremely desirable low noise
characteristics coupled with a very com%act and practical mechanical configuration.
This completely new paraboloidal reflector system appears capable of replacing the
Large sectoral horn-reflector antenna systéms of the type used by BTL in the Telstar
cormunication satellite program. A model of this unit has been fabricated and experi~
mentally measured. The design has been experimentally verified from the model. The
antenna appears 1o have essentlally the desirable éharacteristics of the low noise
S5TL antenna system which is generally considered the present state-of-the-art. The
Cassegrainian adaptation of the sectoral horn-reflector unit, designated the XSK hornm,

avoics the mechanical difficulties and drawbacks of the extreme size involved in the

it

>TL anvenna. The KSK horn actually appears to Lave more desirable characteristics
than the existiﬁg BTL system due to the reduction in the existing diffraction lobe
of approximately 30 db associated with the ring gear on the }arge BTL sectoral horns,
The apparent practicality of operation of the KSK horn without a large radome avoids
sigrnificant losses associated with operation in this manner. The use of the Casse-
grainian approach in the sectoral horn design drastically reduces the horn in size.
it is possible to achieve a configuration in which the maximum dimensions. of this
arntenna closely approximate the radiating aperture dimensions. It appears that the
compact KSK horn siructure provides a significant improvement in practical low noise
anvenna Cesign and may produce an antenna system establishing a new operational state-
olf-the-art whose cost may closely approximate that of the.present 85 foot reflectors

for equivalent gain and low noise performance,

-22-



2.7 Zvaluvation of Tow Noise Antenna Designs

During the study, a number of methods and criteria by which low noise antennas
and anterna feeds may be evaluated were developed. These criteria and evaluation
tecaniques form an important basis for low noise antenna selection and operation.

An evaluation is performed of the relative merits and measured performance figures

for various low noise antennas.

-23-



ITI ANALYSIS '

3.1 ILow Noise Design Criteria

A significant amount of general background information concerning the

behavior of the various parameters influencing the design of low noise antenna sys-

tems and corresponding analytical results relating to the necessary criteria required

for the &ffective design of low noise feeds and an}ennas was considered essential
to the study.

A reasonably valid estimate of the envirommental noise considerations was
particularly‘desired due to the great importance of the spatial noise distribution
in determining the effective antenna noise temperature. Several other factors wera
found to be of considerable importance in the establishment of & well-defined set
" of design criteria., Certain of these féctors are clossly reldtad to the particular
‘requirements of the NASA large paraboloidal reflector tracking systems;however, the
gereral leatures of the analysis are believed to have wide application. Examples
of the areas in which a reasonably thorough analysis was believed essential include
aperiure illumination considerations, gain optimization; monopulse operation, multi-
band operation, primary feed design, aﬁd polarization considerations.

It is oftéh convenient to represent the total antenna noise temperature as a
surmation of several average components, each relating to a particular spatial
Teg.on or class of noise source, In this form we may express the effective antenna

rLoise temperature as

. ‘ Ta = oy Ts}q + a, Tgnd + i « T
n=3
where v

Gn"l.

[\/]:3

n=]
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The c's represent fractions of the antenna power or radiation pattern extent
integrated over the spatial, or other, region of interest. These fractional re-
lations are determined from the fundamental relation governing the magnitude of

an effective antenna noise temperature contribution from any region of space which

may be written as - 112‘
1
Tn" Tr—— f G(Q) T dn.
n "O’l

The Tn‘s shown in the series expression represent noise sources of other than the
conventional ground and sky noise contributions. These Tn's may be used to in-
dicate ohmic losses in a transmission line, feed and reflectqr surface losses,
feed support losses, antenna side lobes pointing at the sun or other discrete

galactic noise sources,

In general, the environmental noise considerations warrant the principal effort,

The non-environmental noise sources are often important but a reasonably simple evalua-

tion of these contributions can generally be made which can frequently be verified

experimentally. However, the environmental noise distribution and behavior is quite

corplex but important to proper evaluation of the antenna and to development of op-

timum design criteria,

3.1.1 Environmental Noise Temperature Distribution

The environmental distribution of noise power 18 a predominant factor
influencing the effective antenna noise temperature. The relation which defines

the eflective antenna temperature may be written as

Ln
‘ | Ta--i-;‘}'()G(mT(ﬂ)dﬂ
o\V )



wnere G (LL) is the antenna power gain function which is integrated over the angular
extent of all of space with the corresponding environmental noise temperature distri-
bution, T ().

Environmental noise may be broadly separated into three components: ground radia-
tion ncise, galactic emission noise, and atmospheric absorption and re-radiation noise.
Ground noise is of thermal cgaracter and is due to the emissive nature of the ground
region at the ambient level. A value of 300° Kelvin is often used for the effective
nose itemperature of the ground region; however, this value assumes perfect black body
radiation ﬁhich is certainly ﬂot the case. An assumed emissivity for the ground region
of abvout 0.8 to 0.9 appears reasonable and results in a corrected average effective
noise’temperature for the ground region of about 240° to 270° Kelvin. A value of 250°
Kelvin appears to be a reasonable estimate and may generally be considered as an
isothermal, component for the spatial region defined by the ground half-space bound
by the sxy region. '

The sky noise sources of galactic and atmospheric origin are additional noise
contricutions of importance. Galactic noise is principally due to the power density
spectrun received from extensive and rather diffused stellar sources. The radlation
mechanisnm for these stellar bodies has a characteristic in opposition to the con-
ventional black body radiation, resulting in very large effective noise temperature

valuss at low frequencies and vanishing values of nolse temperature in the microwave

1
region. Figure 3-1 illustrates a plot by Kraus and Ko of the maximum and minimum
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Sky Noise Temperature in 2 Kelvin
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data. The numbered points refer to various investigators and their reported ob-
servaticns. .

The atmospheric noise is principally due to the absorption and re-radiation
characteristics caused by the broadened molecular resonances of water vapor, oxygen,
and nitrogen in the atmosphere. Accurate information has been obtained for this
noise source, experimentally by Craéford, Hogg, Mumforda’3 and other which are in-
close agreement with theoretical values obtained by Van V'l.eckh which indicate that
a reasonably well defined physical model for this noise contribution mechanism
exists,

Ve have essentially determined the characteristics of the ground region by
stipulating it to be of thermal nature and approximately an extended black-body
radiator at about 250%K. The sky noise principal mechanisms have also been briefly
discussed. It now remains to obtain reasonably accurate estimate for the behavior
of the sky noise contributors to the environmental noise. To obtain realistic values
for the effective nolse temperature of the sky as seen by a passive directional an-
tenna, several assumptlons must be initlally made. The principal assumptions may
be briefly stated as follows: i
J l. The measurements will be corrected to obtgin an "ideal" receiving antenna

of infinitesimally narrow beamwidth and zero minor-lobe level.

2. A. B. Crawford and D. C. Hogg, Bur, Standards Tech, Journal, Vol. 35, July 1956
pp. 907. .

J. D. C. Hogg and W. W, Mumford, "The Effective Noise Temperature of the Sky",
Microwave cournal, Vol, 3, March 1960, pp. 80-84.

L. J. H. Van Vleck, Phys. Rev., Vol. 71, 1947, pp. 413 - 427.
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2. Certain choices of antenna direction measured from the zenith will be
selected;,tha values tentatively selected are for a minimum value of 0%, at zenith;
a maxiram value of 90° at the horizon and an intermediate value of 80°, at 10°
above the horizon. A restricted number of antenna pointing directions is desirable
to avoild unnecessary complexity in the plots of the several variables involved.

The particular values chosen were selected primariiy from the atmospheric noise

considerations.

3. Certain choices of galactic enter or galactic "nucleus" orientation will
be selecééd;Athe values tentatively selected are for a value of 0%, at Zenith,
and for 909, at the horizon. This restriction enablés demonstration of the de-
pencence ol the galacti;Acenter onlthe effective antenna noise at selected antenna
ﬁointing orientvations.

L, The noise temperature plots obtained will be taken as average plois for
the conditions described and some variation about the plotted values is to be
expected. Causes for the variation are many; a partial listing ol some of the more
significant influences includes the following factors. First, for those primarily
influencing the galactic contributions, we have the following:

a) Van Allen radiation belt influences

'b) Solar bursts and storms

c) Iunar intercept effects

-d) Effects of ionized regions, Aurorae

e) Planetary source coniributions

f) High intensity stellar sources

g) Yoctilucent ncloud" obstruction.
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And for those primarily influencing the atmospheric contributions, we have the
following:

'h) Variation in atmospheric water vapor content with latitude, nature of

surface region, season

i) Atmospheric changes due to diurnal solar heating.

J) Atmospheric refractive effects.

k) Atmospheric turbulence,

1) Iorization discharges occurring in the atmosphere.

m) Particle precipitation in the lower atmosphere.

The various factors which influence the noise background presented by a
directional receiving antenna may be categorized as follows:

1. The sky noise associated with the galactic noise sources, atmospheric
eflects, lightning activity and similar contributions in the main beams of the
antenna system,

2. The ground radiation due to the "black body" radiation emitted from the
earth’s surface which intercepts part of the antenna radiation pattern.

3. Various other noise contributions due to the inclusion in the antenna
pattern of sky noise sources out of the main beam, absorption material in the sky

or on the ground, and various other contributors. If we set aj, G, eece.. a, as

the multipliers associated with the main beam and side and back lobes of the antenna

system, we cbtain after Hogg and M’umfordl a simple expression for the total effective

-

i. D. C. Hogg and W.W, Mumford, "The Effective Noise Temperature of the Sky",
Microwave Journal, Vol, 3, March 1960, pp. 80-8L.



antenna noise temperature for the antenna of:

N
Tant = 91 Taiy * 3p Tgng * Z a Tno»
n=3

However, each of the a's and each of the T's represents either an antenna radiation
response distribution or a noise distribution; therefore, for a solution to be ob-
tained the entire expression must be integrated over the spatial and temperature
distributions of interest. The effective noise temperature of an arbitrary noise
temperature distribution included in the solid angle of an antenna which has a gain

function of G (1) is given by
Lm

th Q) ¢ (Q) da

f{n G (Q) do-

T-

where we assume that the gain over all of space

3ﬂ G (1) dfL = Ln,

Hence, we obtain N N
T-) 1) enTo(a) o () an
e Ln

-,

or wae series of terms.
I we consider an idealized antenna pattern in which the minor-lobe energy is
zexro, the Iirst appear to drop out of the expression., Therefore the effactive

noiss iemperature for an idealized antenna may be written as
. L
Tant = —— e, T (Q) 6, (0) dn
ant Ln 1 “sky 1
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which is seen to be simply the nolse contribution‘from the sky region such

as galactic noise and atmospheric absorption., For this reason, it is apparent
that the minimal noise temperature attainable from an ideal antenna system -
wili te the sky noise. Therefore, an accurate measure of the sky noisé for
various antenna orientations, locations of the galactic plane, and as a function
of frequency, is worthwhile. In addition to-estab;ishing the value of the mini-
rum attainable noise temperature, it also establishes the range of variatlon

for the noise temperature under given restrictions.

Brown and Hazard ;/have analyzed observed data for the noise contribution
frceme galactic sources and have ;ropoéed a model of the galaxy which repregents
in reasonably close agreement the essential aspects of the observed data. The
model separates the '"galactic" rnoise ;nto the following three componenis:

1) localized sources within the galaxy.

2) Ionized interstellar gas. ' .

3) An isotropic component which may be of extra-galactic origin.
Corrections of the observed data have been made by Brown and Hazard to idealize
tne temperaturé Gistribution by constraining the receiving antenna beamwlidth to
an infintesimal angle. The noilse temperature distribution with frequency is
then ovtained for the, case in which the antenna beam is pointéd into the galactic
plare, or.the galactic "rucleus"., The isotropic noise compenent is tabulated
reglecting tne absorption characteristics of certaln atmospheric gases and vapors.
These two cases give the maximum and minimum noise distributions and are found

2
to be in good agreement with Jansky's observations -/ and with other more recent

1. R. H. Brown and C. Hazard, "A Model of The Radio-Frequency Radiation From the
Galaxy", Phail. Mag., Ser 7, Vol. LL, Sept. 1953; pp. 939-963.

2. X. G. Jansky, Proc. IRE., Vol. 25, December, 1957; p. 1517.
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observations. Referring to Figures 3-2 and 3-3 , we utilize these two values

as the average maximum and minimum values for the noise temperature as a function
of frequency. Two additional values are employed, a noise distribution with fre-
quency for the antenna pointed 10° off from the galactic plane and another orienta-
tion 80° off from the galactic plane.

The calculations from the Brown and Hazard model are quite good for the low
requency regicn, i. e. Irom about 10 Mc to 1 Ge. In the region of 1 Gc the ga-
lactic contributions become quite small and the noise contributions due to oxygen

and water vapor absorption in the atmosphere become more significant.

Mary factors influerce the absorption of radio waves by the atmosphere in-
cluding the temperature, pressure and oxygen and water vapor content of the at-
mosphere. Expressions for the absorption of radlo frequency energy by the oxygen
and water vapor constituentsihave been worked out by Van Vleck Y which are in
close agreement with the experimentally measured data of Crawford and Hogg 2/,
and ouhers. The pronounced peaking shown in Figures 3-2 and 3-3 in the 25 Gec
reglon is caused by a broadened sirong absorption line of atmospheric water vapor.
In addition to this K-band absorption region centered at 1.35cm, there is some
backgrourd absorption due to the tails of strong water vapor absorption lines
occﬁrring in tﬁe far infra-red.

The absorpiion effects due to oxygen are principally form a strong set of
apsorption lines occurring in the 50-75 Gc¢ (L-6mm) range. The broadened skirts

or tails of these lines influence to a degree the abscrpticn valuss at lowsr -

-« J. H. Van Vleck, Phys. Rev., Vol, 71, 1547, pp. L13 - L27.

¢« A. B. Crawford and D. C. Hogg, Bur. Standards Tech. Journal, Vol. 35, July
1656, pp. 907.
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frequencies. Figures 3-2 and 3-3 include the minor influences due to oxygen
absorption but principally show the galactic noise and water vapor absorption
effects since the plots are terminated at about 50 Gc, well above our region of
operavion.

Relerring to Figure 3-2, we have a plot of the average noise temperature with
frequency for three antenna orientations, In this set of plots the galacti; center
is assumed to be at zenith (¢A = 09), Taking first the antenna orientation for the
antenha pointing at zenith (¢A = 0°) shown in Plot A, we find that at low frequencies
the efiective noise temperature of the antenna indicating the galactic noise con-
tributions, is quite high. Thils is as expected since the antenna is pointed into
the galactic center, However, for this zenith antenna orientation, the effective
antenna temperature at high frequencies, especially at about 3-10 Gec, is quite low
(about 3-LOK). This is because the galactic contributions in this range become
very small and the genith orientation of the antenna "looks" through a minimum of
atmosphefe allowing the noise contributions from atmospheric absorption also to
remain small. Next considering the antenna orientation along the horizon shown in
plov C, we find that the galactic contributions at low frequencies are at a mini-
mum, as would be expected. At the higher frequencies, the increased length of the
antvenna veam pain through the atmosphere causes an appreciable increase in the |
anvenna noise cue to atmospheric absorption effects. The 3-10 Gc region for this
piot is at an effective noise temperature of about 110-160°K and the minimum noise
region has been lowered in frequency to the 300-500 Mc range, and now has a valus
of" about 35-L0° K.

For the third antenna orientation shown in plot B, which is ten degrees above

the horizon (g, = 83°), we find that at low frequencies the galactic contributions



are very nearly those of the antenna pointed at the horizon, i.e., the minimum
galactic noise condition. At higher frequencies, the ten degree elevation angle
assists in recducing considerably the atmospheric noise contributions. The plot
for this antenna orientation reaches a minimum noise temperature of about 10°K
in the 600-800 Mc region. The plot remains reascnably flat throughout the high
frequency range to about 10 Ge (T = 20°K), at which point it begins to'rise due
to water vapor and oxygen absorption in the atmosphere.

Figure 3-3 1is a plot similar to‘the previous plot except that the galactic
center is now oriented at the horizon. For the antenna orientation set to zenith,
ﬁA = 09, represented by plot A, we find that the galactic noise contributions
at low frequency are at A minimum, and since the atmospheric noise contributions
are a1s0 at a minimum for this pointing direction, the high frequency region is
at minimim noise. For this somewhat optimal condition, the plot reaches a mini-
mum eflfective noise tempefature at 1 Gec of about 29K and remains quite flat over
& wide range attaining a valué of hoK at 10 Gc and then rising to a maximum of
abous LéOK at 25 Ge. It is interesting to note fﬁat an effective noise temperature
of less than 1 db (75.5°K) is maintained from about 200 Mc to over 50 Ge. An
effective noise temperature of less than 0.5 @ (34.89K) is maintained from about
3C0 Mc to 20 Gej less than 0.25 db (17.L9K) is maintained from about LOO Me to
1L Gc; and a noise factor of less than 0.1 db (5.8°K) is maintained over a range
from 6C0 Mc to 12 Gec. These values for noise temperature in terms of decibels
ars oovained from the relation

Tg = (\F - 1) T,

=1+«

To
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and in decibels

W (db) = 10 logg (1 + Je_ ),
T
0

where T, is £aken as equal to 290°K.

Referring again to Figﬁre 3-3 and considering now the antenna orientation
pointcd at the horizon ¢A = 909, shown as plot C, which is directed into the
galactic center, we find as expected a maximum galactic noise distribution at
the lower frequencies. At the higher frequencies, the atmospheric noise contri-
butions are also at a maximum due to the low angle of the antenna to the horizon.
The interrediate antenna orientation of ten degrees above the horizon, shown as
piot B, is seen to avold a considerable amount of the galactic noise contribution
at low rrequencies and attains a moderately low noise temperature of about 10-20°K -
in the high Irequency region of from 700 Mc to 10 Ge.

Tables III-1 and III-2 summarize the results of the effective antenna noise
temperature characteristics from the plots of Figures 3-2 and 3-3 . The fre-
quencies selected are thoée desired for use with the 85 foot diameter paraboloidal
antenna cperating for NASA at Fairbanks, Alaska. Since the frequencies'of L.,080
Ge ané £.170 Gc are quite close to L Ge, the latter frequency is used in place of
the former'two. The noise frequency bandwidth appearing in the tables is defined
Liere as the Irequency range over which no greater than a doubling of the minimum
effective antenna noise temperature occurs. .The designation ?min is the minimum
guerncy at waich that lowest effective noise temperature occurs. In the bandwidthr
calcuiation fy and ‘y are the low frequency and high frequency values corresponding
vo the end'points of the noise frequency bandwidth (the 2 Tmin Points). The band-
width dis therelore simply,

BW = fy - £y .
‘ -39~
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of the best data for this phenomena but unfortunately include both summer and
winter measuremenis. The plots have been corrscted in the higher frequency regi&ns
o give better agreement with winter conditions. However, since it appears that
the available experirental data is possibly not all~that might be desired, the
picts may need some further tailoring to the conditions found in the region of

a pariticular antenna facility, but in any case appear to be realistic estimates.

Relating the plots of Figures 3-2 and 3-3 , and Tables III-1 and III-2 to
the probable operating characteristics of the NASA 85 foot paraboloidal antennas
row appears in order. It should be realized that the information presented in the
pious i1l for an idealized antenna configuration considering only an infinite simally
narrow main beam and assuming zero minor-lobe contributions,

A plot summarizing the determined envirormental noise temperature character-
istics is presented in Figure 3-L  and illustrates the typical and extreme
charécteristics ol the envirommental noise temperature as a function of frequency.

The effective noise temperature variation due to finite but limited antenna
beamwidths is quite small, especially for the reasonably narrow antenna beamwidths
available with the NASA 85 foot paraboloids, Since the idealized effective noise

temperature gererally has a slow variation with antenna "look" angle, the effective

noise terperature from the main beam due to integration of the sky tempsrature dis-

tribution over a solid angle of coverage determined by the finite beamwidth will be

in rost cases practicaily the same valus as the idealized values shown in the plot.

The wic conditions for which somowhat greater variation may ocecur are firsi, for the
anvenna pointed into the region of the galactic center and second, for the antenn

pointed toward the horizon. For the first condition, the broadened antenna team

integrates a temperature distribution which includes sources of somewhat lower values



' and the mean frequency is conventionally

fmean = <foI)%

™o values for effective antenna noise temperature presented in the plbts of
Figures 3-2 and 3-3 , and in Tables III-1 and III-2 are believed reésonably
aecurate for the conditions specified. Actual measured values in both the galactic
and atmospheric regions may show some variations due to certain factors mentioned
previously. In general, this effeétive noise temperature variation may be somewhat
greatsr and of a more irregular function of the antenna orientation for lower Ire-
quencies corresponding to the galactic region than to the analogous frequencies
in the atmospheric region. The idealized antenna noise variation at the micro-
wave frequencies will be largsily determined by the "look" angle of the antenna
into the abtmosphere and will be influenced only to a slight degree by the location

‘ of *he galactic center.
Iv is apparent from the plots of Figure 3-3 that by orienting the antenna

ten degrees above the horizon, an appreciable decrease in the effective noise

ierperature due to atmospheric absorption is obtained. It appears from simple
trigoncrmetric relations, that for antenna pointing angles measured from the zenith
02 about 60° or less, the noise contritution from atmospheric absorption will be
ro more ‘han about iwice the value of the minimum antenna noise temperature attained
for the antenna pointed directly at zenith. The variation of the effective roise
temperature in the region of primarily atmospheric absorption effects as a function
of antenna "look" angle can be seen to be an easily tabulated and reasonabiy stable
DETamE bET o

The water vapor and oxygen absorption of the atmosphere, as shown in Figures

3-2 and 3-3 may be somewhat high for certain areas. These plotis are a combination



-42-

* So1ISTi810RIRYD)
sinjeladwa] 8SJON [RIUDWUOIIAUT JO 30[d AIRWWNG * p-¢ 2InBJd
@——— 99 ‘SITDAIVOIS NI AONIND3IY S
ool o ol oc 0 <0 1o ¢00 100
q S L) 'y &S =1'°
N 00w | \esuad S 00 21
\
N\
N\
nunaz|\
\\.\o.m
/ KO Ls ‘.—.
1, NOZI¥C
L 4
=
N e
}

VMN3LINY

8

H1iIN32

-

Ne *NIATEX SA3¥0IC NI 38NIVNIGNIL ACION

.



than itne maximun temperature obtained from the galactic center. The second condi-
+ion for which the NASA 85 foot antenna characteristics may vary somewhat from

“rcse m.own on the plots is for the case of directing the antenna toward the hori-

g o™ L LN | R : : N
~6n. For Liiis condition a finite beam width places a portion of the anternna paviern

in the ground, thercby allowing terrestial noise contributions to increase the

¢ factive antenna noise temperature. The degree of this effect will be dependent

upon the temperature and r-f reflectance chafacteristics of the terrain in the region

and the portion of the antenna radiation pattern which intersects the earth. Direct-

ir.z the antenna a few degrees above the horizon would possibly avoid all but rela-

tively.small minor-lobe contributions from terrestial noise. The ground contri-

bution in this casé would displace the entire plot by the increased effective

noise temperature due to the ground contribution. For the conditions specified,

ihis ircreased noise contribution, for an estimated three percenit of the antenna

pattern intersecting the earth, would be about eight or nine degrees Kelvin, '
Tre other importgnt factOr-which should be considered is the influence of the

rinor-loce and feed spillover ene}gy on the effective nolse temperature. These

effects are naturally exciuded from the plots. Evaluation of the degree of their

influerce is wi.zicuiv .1 . T ST S -2 both antenna orientation,

freguency of operation, anc antenna Ieec- :..eClOr desighe nOWEVET, cervaiil als3uno-

tions can be made which ensble reasonable cstimates to be made for their effects.

We can cetermine from the form of the feed pattern and the aperturs distribution

the ffaction of the radiation pattern which appears as spillover and oihor miner-

lobe energy. Xrom these considerations and a knowledge of the temperature distri-

bution, the "excess" noise temperature of these minor-lobe contributions can be

determired. For instance, a typical antenna system having a cosine squared aperture

-L3-



distribution such as the NASA large paraboloidal antennas may have é combined
spillover and minor-lobe content of approximately 10715 percent. The corres-
ponding value of effective antenna noise temperature due to spillover and minor-
lecbes would then be this fraction times the ground noise temperature, or about
25°- 38°K. This value may easily be as high as 30 - 50°K and it may range at
certain anienna positions to less than 15°K. However, values of approximately
3C°K appear reasonable for the contribution to the effective antenna noise
temperature for the NASA 85 foot paraboloidal reflectors.

Figure 3-5 illustrates noise temperature profile plots indicating the be-
havior pf the environmental noise at the particular NASA frequency ranges of
interesi. These plots essentially represent elevation plane cuts through the
antenna location and are arranged to include the regions of maximal noise tempera-
ture variation. A space weighted mean of the noise temperature is presented
for the ground region and separately for the sky fegion at. each of the frequency
ranges. Also shown on the profile plots is the typical variation in effective
environmental ﬁoise tamperature as a function of antenna pointing angle. The
galactic center contributions shown in the 136 Mc and LOO Mc noise profiles are
shown displaced from the Zenith to indicate the fact that these maxima are not
related to the antenna coordinate system.

A significant noise factor which influences considerably at particular times
the effective antenna noise Eemperature is the solar radiation energy which may
be invsrcepted or reflected into a minor—lobe.’ This effect is not considered of
greal overall importance, however, large antenna noise degradation may occur for
reasonanly extended periéds due to this factor. Figures 3-6 and 3-7 iliust~

rate the variation in power flux density per unit bandwidth for various temperatures
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ol black~quy radiation and the character of the solar radiation as a function of
frequency. '%he somewhat surprising increase in the effective noise temperature
characteristics of solar radiation to the order of several million degrees in the
iower radio frequency ranges may be noted in the figures.

The angular extent of the described noise component is }easonablyvuniform
over the 0.5° visible angular extent of the solar disc. The indicated temperature
weuld therefore be observed with antennas of comparable beamwidth, corresponding
to gains of about 50 db or greater. The effective solar noise contribution is
reduced in proportion to the antenna gain characteristic, i. e. a 20 db gain
antenna pointed at the solar disc would receive an effective solar noise tempera-

ture componsnt of about 30 db less than indicated.



P i

3.1.2 Transmission Line Loss and Mismatch Effects

The power loss effects of the transmission line are of considerable
irportance in low noise sysiems. This loss degrades the amount of signal power
transferred through the system and contributes an effective nhoise temperature
component of its own to the sysiem noise determined by its loss factor and oper-
ating temperature. The power loss factor, or loss ratio, is defined as the ratio

of power input to power output for the device or netiwork, and may be written as

Lr = Pin / Pou‘t
Hence, the expression for determining the loss factor for a transmission line

from its attenuation characteristic, a, in decibels may be written as simply

L. = antilogy (a/10)

It is apparent that the transmission line loss factor modifies the antenna
temperature contribution to the system noise temperature by 1/L.. The system

noise temperature, T,, {or the system under consideration may therefore be written

n

as
Tp = Ta/L. + Ty + Tr

wagre Ty is the effective nolse temperature of the transmission line and Tr

is the roceiver noise temperature, The transmission line effective noise tempera-

wure is depandant upon the termal equilibrium characteristics of its dissipative

somponsnts, designated as a temperature T ;- This relation may be written as
-1
T r -1 -
1= Tot - Tt |1 —

-L9-




This relation may be also conveniently expressed by the use of a fractional
change in the exchangeable power available, or
;r’= Pin -~ Pout
Pout

The available, or exchangeable power loss or gain is specified by the relation

2
Pavail. . (Zl + 22)
Peliv. LRy R,

The effective noise temperature of the transmission line becomes simply
T1 - TTot
And the excess noise figure of the transmission line for an exchangeable gain

ratio of (1 - ¥ ) becomes,

K?l -1 = _JZ_EEE__

" 2
LY ( l "7) To
where T, is a reference temperature usually taken as 290%elvin.. The equivalent

expression in terms of the loss ratio is

1
Ty -1 = ot 1-T,. -
To

The derivation of the preceding results expressing the nolse temperature of
& lirear passive four terminal network, such as a transmission line or waveguide,
was originally given by Dicke' for the case of a matched load impedance. Dicke's
argument ; nowever, may be employed without the matched load restriction and some
interesting results are 6btained.

For a two port transducer terminated by a source and load, all of which are
assumed to te linear passive elements at specified thermodynamic equilibrium

vemperatures, a noise power 1s generated by each component. The noise power

-50-



generated has a value determined by Nyquist's theorem which states that a re-
sistance R at equilibrium temperature T produces a noise power density which
may be expressed as an RMS noise voltage proportional to the bandwidth B, and of
magritude

€, (RMS) = LKTRB

where k 1s Boltzmann's constant,

'The source noise temperature must therefore be equivalent to its thermal
ecuilibrium temperature since the noise power density available from any linear
passive source is simply kT4 watts per cycle per second., The networks following
the source may be assumed to be at zero temperature and hence generate zero noise
power. For this condition, the available or exchangeable noise power at the in-
put of the twoport is k Ty B/L., where L is the loss of the twoport.

Iet us now assume that the thermal equilibrium temperature of the twoport
is made equal to the source noise temperature, Tg. Both the source termination
and the twopori may now be considered as a linear passive network at noise tempera-
ture U5, Hence, une available noise power at the load must be k Ts B, by Nyquist's
theoren.

The contribution of the source to the available power at the load input
must ve the same as before, the contribution of the two port network, designated

P5, must be the difference. Therefore, we may write for the available power loss

ol the twoport,

oy = XT,B = kT B - kT _B/L, .

1
T2 - Ta (1 "r)
r

-51-
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waich is the result which was to be verified.

It may seem strange that a mismatch at the source affects the noise tempera-
ture of' the network measured at the load. Since Nyquist's theorem expresses
noise voltage and power in relation to dissipative circuit elements, it might seem
tha£ the noise temperature of a circuit should depend only upon the dissipative
losses of the circuit., For a four-terminal network, it should be realized that
the internally éenerated noise power is delivered to the equivalent of two ex-
ternal loads which are effectively in series. Hence, the source impedance charac-
teristic should be expected to influence the power available at the load. The
definition of L, gs the available or exchangeable loss indicates the depsndence
discussed,

In discussing the character of the effective noise temperature degradation
wiich occurs in a general anitenna aystem due to the impedance mismatch which may
exist following the antenna, we may consider the antenna as a general two-port

newwor«s. The effective input noise temperature for a two-port transducer such

as an antenna is defined l/ as the noise temperature of an input termination which

would result in the same output noise power as that of the actual transcucer (antenna)
connected to a noise free input termination. The conditions are specified such

that the equivalent input termination is to be connected to a noise-free equi-

valenv of ihe transducer, The precautions regarding the input impedance rela-

vions are neccssary ovecause the effective input noise temperature depends directly

upon the impedance of the input termination. The variation in noise factor of a

l. "IFZ Standards on Methods of Measuring Noise in Iinear Two-ports, 1959".
'59 IR 20.S1, Proc. IRE, Vol. L8, No. 1, pp 60-68; January, 1960.
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lirear two-pori transducer such as an antenna system characterized by its output

acmittance, Ya, as a function of source admittance, Y5, is given by

- W, ¢ R/ |1, -7, ?

and since we may relate noise factor, or excess noise factor, to effective noise
‘temperature by

T, =T, (0F - 1), where T, 250°K

we find thal the adnittance relation in terms of noise temperature is

2
Te =Ty *+ Ty (RT./GS)

Y -Y
8 a

The terms :?a.and T, are the optimum noise values for a given antenna obtained
vy adiusurent of the source admittance, YB. The optimm source admittance,
Yy =G5 + (35, 1s the particular value of Yy for which the optimum value of
rnoise lactor or noise temperature is realized. The parameter Rn is a positive

resisvance and represents the rapidity with which Ty increases above Ty and Yg

departs from Y,. The relations here are important to note since the necessity
for using more than one parameter to specify the noise properties of linear
wransducers has not been generally recognized.

It is ususlly necessary to calculate Ty, Y, and R, from the theory of the
iransducer, in this case an antenna, or to determine the values empirically from

éxperirental data. For the gereral antenna case in which it is assumed that &

good match exists between the radiation resistance of the antenna and the following

~rpul neiworx, the latier mismatch dependent term is negligible., Hence, the prob-

lem is one of determining the inherent optimal characteristics of the anienna,



~

. speciricaily T . The values for Yz and R, must also be determined if accurate

~

information is desired concerning the performance degradation of the antenna

)
1)
™

Junctvion of mismatch.
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3.1.3 . Cerneral Low Noise Antenna Relations

A brief but reasonably comprehensive discussion is included of the more
significant antenna relations with particular emphasis given to the development
of the describing performance parameters for low noise antennas, following in

1/

part the work of Barrett =’ and others,

In all radio observations, an antenna is needed to serve as a coupling
between the receiver and the field of incident radiation. In this regard, ah
antenna 1s characterized by its effective area, freguency response, and polar-
ization. When used as a transmitting antenna, either the power gain or direct-
ivity is often referred to instead of its effective area, However, as will be
shown, the power gain, directivity, and effective area are related and may be used
interchangeably with the appropriate modifications. |

* C(Consider an antenna used for purposes of transmitting power and let @ and

be polar angles with the antenna at the origin. If Prp is the total power

A &N

adiated by the antenna, and P(Q,@,) is the power radiated per unit solid

"~

ngle in the direction 9,{, then the antenna directive gain function or

o

directivity function, D(Q,@), is defined as

- P(Q) ) - th(@}Q)
p(e,) PTR/ﬁn PrR

For an isolropic antenna, me which radiates equally in all directions, P(0,2)

eGuals Pmp/hn and the directivity function is unity for all directions,
il .

Thus the directivity function, as defined by represents the increase in power

racilated per unit solid angle in a given direction over that of an isotropic antenna.

l. A. 3. Earrett, "Concepts on the Specification and Detection of Thermal
Raciatvion", unpublished notes from Radio Astronomy Special Program; MIT, 1962.
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Since we must have

5 P(0,f) d =P pp
Ln

it follows immediately from the definition of the directivity function that

$ Dp(e,® aa = Ln.
un

Frequently antenna performance is specified in terms of the power

gain function, G(G,@), defined in a manner similar to the directivity function.

If PT is the total power supplied to the antenna terminals, then the power gain

function is defined as

G(G,¢) = %%%)‘

If the antenra radiation efficiency, NR; is defined as the fraction of the .

votal power supplied to an antenna that is radiated by the antenna, then we have
Ppp = nﬂ?r
and it follows that
G(6,8) = 7z0(6,9)
The anternna radiation efficlency accounts for the ohmic losses in the antenna, has
a value between zero and one, and is very difficult to determine in practice, The
losses in the itransmission lines between the antenna terminals and the receiver
input terminals can generally be easily determined and are not included in the
radiavion” efficiency.
For most antennas there will be a particular value of @ and @ for which the
anvenna functions (D(Q,¢) and G(6,d) will have maximum values. These are usually
spoken of as the "directivity" and "gain", respectively, and will be denoted by Do

and Gg. ‘Arother term frequently used is that of the "antenna pattern" defined

-

Simply as the directivity funétion, or the power gain function, normalized to unity.



If £ (6,¢) is the antenna pattern, then
f(g,¢) = Dé®)¢) = G(O)¢) i
o

G,
The equatioh r = £(0,f) is an equation for a surface of unit maximum radius
and any cross section of this surface which includes the axis of the coordinate

system«s known as a 'polar diagram." Note that it follows from Eq. 1L that

the directivity D, may be written as
Ln

da
TN
q‘ﬂ

waen considering an antenna for purposes of receiving signal or noise energy,

the concept of effectvive area is perhaps more useful than that of gain or direct-

. 1vity. Consider an antenna exposed to an incident power flux density d S(f) arriving

from an incremental solid angle d o specified by the polar angles © and @ with
respect to the antenna. Then the incremental power dP(f) absorbed by the antenna
in the frequency range between f and f + Af and delivefed to the input of the
receiver is given by

d P(f) = % Af A(0,0) dS(f)
Tne factor 1/2 is inserted in the expression because in general the an£enn& will be
capab;e of absorbing only radiation of one polarization, and hence, for randomly
polarized radiation, will absorb only one-half of the incident radiation. The

total power absorbed by the anterna P(f) is given by

P (f) = 7 5 (£)A(0,8)dn..

in general when observing radiation from a source in space, the power
detected will be a maximum for a particular orientation of the antenna. For
inls orientation the effective area will have a maximum value Aj. As with the

directivity funciion or the gain function, it i1s possible to define an antenna



pattern £(9,¢) from the concept of effective area. Thus,

£(0,9) = ‘*Aﬁﬂ

@)

-~

It may be shown that the directional characteristics of an antenna are the same
wnether it is used for transmitting or for reception of radiationm.

The received power P(f) can be related to the effective noise temperature,

-*TB, of a source by the following relation

P(f) = 351# jTBA(O,{J)dﬂ
4n
low it can be shown that for an antenna surrounded by an enclosure at a uniform
teémperature T the power absorbed by the antenna in bandwidth Af will be kTAS.
Trus for an antenna expoéed to any type of radiation field it is customary to

define the antenna temperature Ty by the relation

P(f) = kTyAf = kT,B
Combiring the preceding two expressions, we have

L= f TA(0,8) da

Tais cquation is one of the most fundamental equations of radio astronomy for

- 1% relates the experimentally determined antenna temperature 'I'A to the noise

e

Witk the equations derived above, it is now possible to obtain a relation

A AN

tetwesn the gain function G(0,8) and the effective area A{Q,§) of

BT -
Al @i

S & general relatlonship derived from thermodynamical considerations. Consider

(=2

enna and a black body subtending a solid angle Q. when viewed from the antenna in

o

O an

m

an enclosure in thermodynamic equilibrium. Assume that the black body is at a

uniform temperature T and that £ is small so that A(0,P) may be considered constant
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over .. Then the power per unit bandwidth from the black body absorbed by the
antenna will be kTA A2 . On the other hand, the power radiated by the antenna
and atsorted by the black body is KTG.A/Ln as follows from the gain function,

Since the system is in thermodynamic equilibrium, the power radiated from the black
tody to the antenna must equal the power radiated inthe opposite direction. Thus
these two expressions may be equated. Furthermore, since the argument did not

deperd on specifying the angles © and @, it musthold for all angles, Hence,
Ln
G(Q,¢) = ;\? A(Q:¢)

in general, and in particular

Ln
Gy = ;\'2- Ao
combining these expressions with the normalized gain or directivity "pattern"
functions, expressions is obvious.
It follows, that

S a9 an - a2y,
Ln

which allows the expression for the antenna noise temperature to be written as

T, - Nr ij T, f)dn

Pall

ﬁn A(6,8) dao

niternative forms of several of these expressions often appear in the literature

and are irncluded here for completeness. The mean effective area, A , is defined as

. -
i = ﬁ ) A(0,8) da
, o

Irom winich the following expressions may be 'derived.
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V E
D(0,d) = 4(820)

A
A
T, =3z f Ty £(0,f) dQ
L

T, éi-ﬁ EgTB G(e,f) an

A useful quantity 1s the effective solid angle IlB defined as

D.B=f £(0,8) dn . .
un

which can be related directly to the directivity by
0, - Lo

B D -
(o}

Suppose that Tp has a value greater than zero over the solid angle: subtended
at the antenna dy the source, (g, and is zero outside this solid angle. In
addition.assume trat the source may be considered as essentially a point source.
This we may equate G(0,%) to G, over the solid anglefls. Thus Eq. 32 may be
writlen as

Ty = 2 _{5_; T3 (6,8) dx

Tals may be written as
P
TA'A‘%(ci
which iilustrates that the flux density 1is the more appropriate way to refer to a
point source,

I it is assumed that Tg (6,d) is constant over the solid angle fig, then there

are alterrate expressions for the antenna temperature Tj obtained from a point source.
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cr f]s

s =.nRTB a5
Both equatiorns serve to illustrate important results. From the first equation we
see that as long as Ty is independent of frequency, as it is for purely thermal
radiation from an opague body, then the received power, and hence Tp, will be

2, thus favoring observation at the shorter wavelengths. We see

proportional to N\
th&t aside from the power loss represented by the radiation efficiency\ﬂﬁ'we may

rezgard T, as equal to Ty weighted by the ratio of the solid angle of the source Ll¢
F3N

o that of the antenna[lB. This same result might have been obtained by intuitive
reasoning and is a specific case of the more general weighting process which has.
teen descrited. Note also, as expected, that the more directive an antenna is, the
the greater will be the received power from a point source. This is only valid
for point sources and does not hold true in general.

The interprevation of the observations of the extended intensity distribution,
such as tae environmental noise distritution are considerably more complicated

than fer a point source. The basic reason for this is that the antenna is

r.eraLly resporsive to radiation incident upon it from all directions. It is

o
e

irie that the antenna power gain (or directivity) is very much smaller over most

gireciions tnanit is in the main béam; however, the integrated effect of the side
TG Cack-1l0bes can be an appreciable fraction of the integral over only the main

Ceann.  Tnus, Lo deal with the interpretation of the observations occurring within
cxiended intensity distributions, further definitions are needed and special

caution is often necessary in their application,
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It is desired to be able to evaluate the antenna temperature due to the
intensity distribution in the main beam only, to relate this to the noise
temperature distribution of the extended region, and to exclude the effects of

‘e and btack-lobes of the antenna. In this effort we shall follow the terminology

w

m

nd procedures introduced by the Dutch workers as closely as it is feasible with
our previous terminology. The term "main beam" will be taken to include all portions
o? the antenna pattern within the solid angle defined by some multiple of the main

icbe half-power wicth, i.e., some muitiple of antenna beam width. The multiple to

ve chosen depends entirely on the characteristics of the problem, such as the
variations in the imtensity distribution, the sensitivity of the receiver, the
antenna ;"tﬁern, etc., tut it is normally taken sufficiently large as to enclose
a 1 <he rain lobe and perhaps the near side lobes, Having chosen the main beam,

one can cafine a strav factor, B, which is related to the radiation which is

received from solid angles not included in the main beam. The stray factor is
Jfedined as
£(8,8)an
' ‘/3 - L'T[-}*IB
iy £(e,p)an
Ln

Analogous to tne directivity, we define tne team directivity, Dg, as
D! L

° " " §1(e,@)dn
MB

it Tollows thnat
D0 = (l-ﬁ) Dé.

One can also define a beam solid angle, {1 j
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11.3 ﬁi:f(o,¢) in DT

- tnese equations the notation MB under the integral sign implies integration over
vhe solid angle ircluding only the main beam.
To evaluate the antenna temperature :A due to an extended intensity distribu-

tion, we obtain

m = GO
- fTBfW) da- + _[TBf(Q,¢) dn
MB Ln-MB
walch can be written as
T, =Ta [2-P) Tz o+ pT]

where ihe vemperatures T' and T, are defined by

: )3 B

Ly B (6,0)dn '
- J' a
ust (8,94

Ln-

s

3 Tfe,@dn

&f(@,;ﬁ)dn

3

B

»>,

-3 mWay ke relerred to as the main beam brightness temperature, familiar in radio
aswronony work, and is clearly the average of TB over @he main beam, as T' is the
averajze ¢ 7. over the talance of.the antenna pattern.

<% siculd e obvious from the discussion of both the point source and extended
source cases that a detailed xnowledge of the antenna pattern and the antenna
losses 1s Important to the proper irterpretation of the resulting antenna '

temperavure. These factors should prove even more im ortant with the trend toward
r P

iarger and more precise antennas and the resulting improvement in resolving power

JRRPR 2
attainable,
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4 discussion may te in order of certain of the basic considerations of antenna
Gusign and antenna measurements, pointing out the principal areas of difficulty
n and measurement of low noise antennas, .
43 we rave discussed, the antenra pattern and power gain are characterized by
the . ceamwidin, beam solid angle, effective solid angle, stray radiation factor,
arntenrna radiation efficiency, and other quantities. Many of these quantities
are interrelated, and we will consider the factors that determine these quantities
for a pareboloidal reflector with either a microwave horn or a dipole at the focus,

The antenna'pattern of a receiving antenna will be identical with the pattern
of the same auntenna when used as a transmitter. Thus, wheh it is convenient, we
wisl cdiscuss the transmitting pattern of the antenna, but the results will be
applicable 1o use of the antenna for reception.

In general, the power distribution in the field of a transmitting antenna
will cepend on the distribution of currents in the conductors of the system.
Thus, 2% is possible by a suitable choice of currents (amplitude and phase) and of
geometrical arrangement of conductors to produce many different antenna patterns.
rurineriore, rery applications of this principle, particularly in interferometry,
irvolve the superposition of the field patterns (not power patterns) of two or
more simplie anvennas.

’ vany of the large antennas utilized in space applications have paraboloidal

rellecicrs of one kind or another. Often these reflectors are limited to sectors

ol & paraboloid for reasons of mechanical design or economics. The reason for tne

[

popudarity of these reflectors is that the antenna pattern is nearly symmetrical

about the axis of the paraboloid, and gives rise to the so-called "pencil beam".

~blim



The reflector, when used as a receiving antenna, collects energy from the incident
radiation field and concentrates it at the focus of the paraboloid where it is fed
L0 the receiver input. When used as a transmitting antenna, the reflector
intercepis energy from the active élement at its focus and concentrates it into a
prelerred direcviorn. Thus, in either case, a principal part of the antenna is a

device al une Iocus whose electrical properties are matched to those of the reflector.

+3
o

:1is can be a dipole, a microwave horn, or possibly other configurations,

¢pending on the wavelength to be used and, to a leaser extent, on the ratio of

(o3

the focal lengih to the diameter of the reflector, the £/D ratio. For purposes of
iliustravion, we shall consider a microwa&e horn, but i1t is to be understood that
i1t could Just as well be a dipole feed, although the latter would not be the simple
Gilpole ciscussed above.

Tre unit &t the Jocus 1s often spocen of as the "feed", a term carried over
fron redar wnere the horn is used to feed energy to the reflector. It should be
;nized that the horn iiself 1s actually an antenna, but without the directivity
possit.e wiaen used in conjunction with a reflector, and the pattern of the feed

TelErred 10 a8 the primary pattern. The pattern of the reflector is called

tae ceaoondnry tittern, The secondary pattern is a property of both the reflector

4od vhe primary paviern. A change in the primary pattern will affect the secondary
petiern.  In uae previous discussions of directivity, beamwidth, and other antenna
factors, we have been reflerring to the secondary pattern,

A s.ngle pavactoloidal reflector defires a beamwidth unambiguously, and this
Can Le relaved 10 thae properties of the reflector, the wavelength, and the

priwary patvern. It can be shown that if the primary pattern is uniform in amﬁlitude

&nd paase over une aperture of the reflector, and if the reflector surface is of



s oicient mechanical precision so as not to introduce any distortion into the
secondary pattern, the beamwidth Op, i.e., the half-power width of the main lobe,
is given ty

65 = 2 sin"t (0.517) = 1.025

where A is the wavelength and D is the diameter of the reflector, assumed to have

a circular aperture. The beamwidth given by this expression, may be regarded as

of 1itile more than academic interest since it requires an aperture illumination,

i.e., primary pattern, which is uniform in amplitude and phase. Such an

generally considered impossible with present techniques. With a

eniform illuminasion, the peak of the first side lobe 1s only 17.6 db less than
the neax of the main lobe, and this is considered to be quite high by current
stanéurds., 4 more realiistic value for the beamwidth, ©p, is

A

0. 1.2%

D

but this exrnression should not be considered rigorous as it depends on the

&

amsltule and whase over the entire aperture of the antenna, but great care is
usually taken to keep the phase variation small, i.e., the phase at the peri-

pnery of tie aperture should not differ from that at the center by more than about
Ll

1/.8h of a wevelength. FPhnase variations over the aperture can arise from
deviavions of the rellector from a paraboloid, displacement of the feed horn
from the focus of the reflector, and departures of the wavefronts from the feed

It is these considérations which make the construction



R Tt

preblen.  The inability to have uniform amplitude illumination across the

uricce of the aperture results in reduéed directivity and an increased beamwidth;
there is an advantage in that the side-lobe level will be lower than in -
the case of urniform illuminatlon. This effect is often important and the

primary pattern is tapered so the illumination at the edge is a small fraction of
that ai the center. Generally, tapers of at least 10 db are employed; i.e., the

illumination at the edge is at least 1/10 as small as at the center, and frequently

Nzedless to say, considerations such as these dictage the design of the

It can e seen that not all the energy radiated by the feed horn will be
irtercepted oy the reflector and concentrated into the main beam. The power that
is noi intercepted by the reflector is referred to as "spill-over'. 1In tre case .

c. a rveceiving antenna, it implies that the feed horn will receive rédiation from
teyend the edge of the reflector, such as ground radiation. This source of power
~o3s is corne of the major contributions to thé stray radiation factor 3, as previously
defined. (ther scurces are radiation scattered by the supports for the eed

norn, side-lcves outside the main Tteam, and, if the reflector is made of a wire or
mesh, raciation lost through the holes in the reflector. A reduction in

spill-over is anovher major advantage in tapering the illumination of the aperture.

Corsideradle elfcort nas teen expended in designing feed systems that will illum-

}J.

Laiue the apertvure in a desired fashion, but sharply taper the lllumination at the

¢ have ciscussed three sources of power 10ss which affect the power gain of

Tahese are: (1) the ohmic losses in the feed horn and reflector,

I D SR C AR
WealT CuaewTaieach o
A\l

reproscuted by theantenna raciation efficiency Y, (2) the side lobe, spill-over,

anc scattered power, represented by the stray factor 3, and (3) the power gain
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devericration due to pnase effects, which we shall represent by QD, called the

dirfractive efficiency. These terms can be combined into the antenna efficiency

7, waich may be delined as
\

AO )\ZGO
)? = A_ = m— .
g g

where A 1s the geometrical area of the aperture and A, is the maximum effective
zrea cdefined previously as related to the power gain, The diffractive efficiency

is defined by the relation
oA
‘WD“ 4TA o
g
and its value would be urity if all the power reflected from the paraboloid
were concentirated in the main beam. Thps, in a sense, it represents the "con-
cerntratvion efficiency" of the reflector. We have therefore
= (1-
which relales the over-all antenna efficiency ) to the three sources of power
loss from the wain beanm. ical values of ) range between 0.40 and 0.65, of which
ge ’
the main contribution comes from the stray radiation factor B, in most cases.
it seems possibly worthwhile to mention certain of the difficulties assoclated
vith the experimental measurement of the directivity and power gain of large
carcteloidc. The procedure is difficult, at best, and the accuracy obitained is
wenerally of the orcder of five or ten per cent. The uncertainties in large antenna

rméasurements usually result almost entirely from the inabllity to determine the

anvenna pattern witn precision.
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antenna measurements generally involve a distant transmitter which illuminates
tne antenra uncer test with a nearby plane wave and the relative power received by
the test artenna is recorded as it is moved in various positions. One of

the mafor difficulties in performing these measurements for large reflectors is
that tie distance between the transmitter and the receiviné antenna must be
surficiently large so that the received wave is a reasonable approximation to a
plane wave; i.e., the transmitter must be in the Fraunhofer region of the test
astenna., The rinimum acceptable distance can be easily worked out from geometrical
conslderavions from the requirement that the phase difference of the incidert wave
sevween tne ceater and the edge of the refelctor should not exceed \/16. The
disvance is given by

2D

R = —=

wiere,D 1s the dlamever of the reflector. For example, the distance is'

celween 11 and 12 miles for a 100! paraboloid used at 10 em wavelength. The

magnitude of tnis distance can present a protlem to proper antenna measurements

“
- -
~

cClu

£

2 4 =2
e Lv IS

(9]

esived that the path be free from nearby obstructions which

| P Nt yme -
Wiad CAUse UnNWany

[

d reflections of the transmitted power.
it is clecr that the anterna pattern £(6,8) can be obtained by relative power
neasurements without the necessity of an absolute calibration; however, it is

-

Wsually impossille to make these measurements over all solid angles. Generally,

D St e e e b
Wl OUud CiiClivio @l o v

> in the E-plane and H-plane, and perhaps at an intermediate
posiiion, and values at other positions are inferred from these. The directivity

Do fcllows Irom the pattern measurements. .
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If the onmic losses in the antenna can be determined, then the power gain
Toilews rom the directivity. However, as has been mentioned, this is usually
aillicult to celermine so that the power gain must bé measured directly. The
prarcipal aifference tetween the directivity and power gain measurements is that -
tie latter reguire an absolute power calibration., The characteristics'of micro-
wave norns can be calculated fairly accurately, and this fact is often employed in
making aosolute gain measurements. If the microwave hornm is considered as a stan-
dard, whose gain Gg 1s known, then the gain of the test antenna can be 'determined

oy measuring the relative power received by the test antenna Py and by the

standard horm Pg. The gain of the test antenna then follows from the equation

¥ary precautions must be taken in performing these measurements. The field at the

Lesy anvenna snould te uniform, the same detection equipment should be used for
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law of ihe detector if it does not follow the square law.
17 boin directivity and power gain data are available, then one can determine
t.ag over-all antenna efficiency,‘n, and the stray factor, B, However, measurements

&re vare.y carried out which maxe this feasible., Usually the antenna ohmic losses,

represented by'ﬂR, are estimated or considered to be negligible, and the diffractive

=70~



3.1.4 Zow Noise Antenna Performance Optimization

Tre principal justification for the attainment of low noise antenna
systems is to enable an irprovement in the system'sensitivity for a specified
output signal-to-roise ratio (SMR). The importance of system SNR has been briefly
described previously. The possibility of confusion which may result if the low
roise characteristics of a. system are interpreted as being generally equivalent to
the maxirurm output SMR characteristics of the system. An example was presented
ol a low roise antenna of poor aperture efficiency which was found to be a factor

¢ iwo improvement in low noise characteristics relative to a reference antenna,

Iy

Dub waﬁ a factor of two less desirable in its SNR characteristics, In this case,
vhe irprovement in 1ow noise characteristics achieved by under-illuminating a
rellector did not compensate for the loss in gain due to the considerably decreased
areriure elficiency. An optimization process appeared necessary to achieve the
desirec maximum output SLR available from the antenna far-field response resulving
Irorm z given primary illumination and the antenna noise temperature environment.

<o the output SMNR optimization process, it is important to determine the signi-
Ticance of the optimization criteria in terms of the antenna parameters, To this
€NC, W& May assume an optimally matched receiver connected to the antenna by means
of a2 linear passive twoport which will be assumed of loss ratio, Ll' We may also
“oSune a recelver noise temperature of Tpe The antenna may also be viewed as a
Jour terminal device in which the source impedance is essentially the antenna

fe avallable or exchangeable noise power spectral density

¢eveloped at the irput which is assumed to be principally a function of the en-



23

Ly

wocr second. The factor k is Boltzmarn's constant which has a value of 1.38 x 10
watt—sec/cd. The signal power density entering the antenna may be expressed as an
equivalent roise temperature of Ty .®Kelvin which indicates an available spectral
power cersity, Sg = k Tg watis per cps. Again the available, or exchangeable

power is the power waich could be delivered to a matched load, or specified more

rrecisely for an arbitrary network as

Pavail. = Iza + 242 :

Pgeliv. LRy Rg

Tre signal power captured by the receivirg antenna effective aperture, A., is
Pra = Sz Ac
and the effective aperture 'capture" area may be written

G A2

LT

Ac =

thercfore we have for the signal power available at the antenna terminals,

2
. SROGRA

Fra
LT )
Sirilarly the system input noise temperature, T, for the configuration we have
taxern of & receiving system consisting ol an antenna, a passive linear twoport
repoesenting a transmission line of available loss ratio Lt’ and a receiver of
noise temperawvure 7., as
e .

Tno rcceiver noise temperature, Te, is defined by IRE standards to be related to

whe receiver roise factor, or noise figure, .s, by



U

wnere Ty is a standard reference temperature, usually taken (by IRE standards,

again; o be 290° Kelvin. The effective ‘output noise temperature of the trans-

I m
-

rission line, is found by the relation

t?

Ty = (L- /1) 10,

where T_ ! is the thermal equilibrium temperature of the transmission line or iwoport

N

cevice, often set equal to T, of 290°K. This assumes antenna performance in which
there are negligible ohmic losses, usually the case for the large passive paraboloidal
antennas undéer consideration.

For a given noise bandwidth characteristic for the receiver as defined by

By = L jG(f)df
GO

re G(I) is the gain-frequency characterisiic and G, is the value at the nominal

-/
North </, we have

Vea sl

Irequency ol the passband. Using the bandwidth B, we may express the system input

roise pcwer as a I{unction of the system input noise power as

P, = 5,8 = kTpB.

Referring ihe system noise temperature to a reference point at the receiver output,
: A ,

we obuiain Ior the available received signal power

where L. is the overall available loss beiween the antenna and the reference point.

. C. liorth, YThe Absolute Sensivity of Radio Receivers!, RCA Review 6:332-3L3
Jon. 15L2).
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Tnis expression holds for actual powers as well as the available powers since both

signal and roise are subject to the same mismatch losses.

Separating the lactors which are not influenced by the antenna characteristics

from these which are, we may write
G
SNR = ¢ —&- .
Iy
This indlcales the relative importance, before only intuitively believed reasonable,
of trhe receiving antenna gain and the system input noise temperature. The receiving
arctenna gain 1s a Ifunction of the primary feed illumination and may be arbitrarily
expressed as
n
GnguI
’\ 3 03

whers £ is the fraction ol the total power radiated by the feed incident on the
reflector apcriure. The efficiency of the aperture in coillimating the incident
energy nay be represented by GM.

4 series of numarical integrations of various primary pattern illuminaticns
cotpied with the influence of the corresponding spiliover and minor-lobe energy
Cn tne Input roise termperature may be performed to determine the optimum value for
o~
IS and Gyr. Evaluations of this type were performed during the program and as ex-

pected, the foim of the primary illumination was found of great importance in

-iu-
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¢stablloning high gain values for corresponding low input noise, or anienna noise

RV IR

L
“

)

S s

Jinanna
avires,

hnalvtical and numerical integration calculations have been performed by

Iivirgzcuion i/ and others to obtain optimum operating relations for feed configura-
+ions having convenitional or specified illumination characteristics.

In gereral, the defined relations were employed to obtain the maximum gain
crnavacteristics from the aperturé by approximating a uniform illumination over as
reat an aperture extent possible consistent with obtaining the desired aperture

[#]

Liwiiration taper available from the primary feed aperture extent. This

Ca

feal

o

f

woroach appears to represent rear optimum characteristics from the secondary
apcriure since siraltaneous gain improvement and greatly reduced antenna noise
Lerserabtures woere found practicable through this technique. Both of these factors
improve the gysiem SiR.

The low noise antenng figure-of-merit designation, M = GA/TA’
sresented by whe antenna cdependent term of the SNR general expression is of
vauE in anad

zing the relative vaiues of various low noise antennas.

v

b R - -

1. M. L. Livinzsion, WThe Effect of Antenna Characteristics on Antenna Noise
Teperatise wnd System SNR', IRE Trans. on Space BElectronics and Telemstry,
Septe 290L; ppe. 71 =179,



3...5 Moropuice Operation Considerations

The principal difficulties generally associated with monopulse operation
of &n anterra system relate to the employment of several primary feed éystems in a
lirited spetial extent, generally limited by the maximum permissable blocking of the
secondary aperture. This limitation of the available primary aperture coupled with
“ae requirerent for axial symmetry of the primary response in the case of conven-
rai taracoioidal configurations place significant constraints on the primary

SeleH Muitivie Band Feeds

The reguircment for single antenna operation over a considerable range
¢l Irecwincice, externding for certain present NASA requirements from the VHF region
woZ1l into the nicrowave region, compounds to an extent the design constraints
reniicred in connmection with monopulse operation. Techniques are available, rely-
ir. ~cnerally upon either broadband or fraquency selective techniques for satisfy-
ing the Jdesign requiremenis piaced upon the configuration of primary feeds necessary
Ifcr ellective antenna operavion.

3.2.7 Fclerli:~ilorn Reguirementis

3

I3 s genera..y desirable thal the antenna perform satiéfactorily
undor &l polar.zaticrn conditicrs. This in general specifies a circular polari-
cavion reguircment which is generally compatible with the antenna symmeiry considera-
tlons. There are a nunber 65 inherent dirfficulties in the attaimment of desirable
circular oolarization characteristics from muiti-band feed systems of mcaerale
rechanical and electrical complexity. Cre of these difficulties concerns achieve-
ment ol const ht.antenna beamwidth wiih polarization for an aperture containing

D A

siznificany reactive and diffraction influences.
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3.2 ArTcrra Perforrance Zvaluation Techniques

3.2, Tar-pField, Near-Field Relations

A reasonably detailed discussion has been presented concerning the

of tie rear-Ileld erergy distribution in the region of the aperture. The important

Jacver corncerning thls relation is to realize that the form of the near-field, or

Fresnel reglon, energy distribution as determined by a particular feed configuration

speeilics with certain phase constraints the characteristics of the far field, or

A

frzurioler reglon, characierisiics. Mathematically the far-field response may be
eXgresse. s the Jourier transform of the field distribution at the region of
the aperture surlace. This fact allows analysis, and under certain conditions

synthesis, ¢f the desired antenna characteristics either in general form or by

fumirical intvegratlion techniques applied to the appropriate radiation field

b e

., Efficiency Considerations

DA P AT - ~
3.2.2 incol_ute Ga

The relation presented in the section on Low Noise Performarce Cpiimi-

coilon govern the general antenna performance optimization criteria. The determined

overall relaticn indicating the cpiimal SIR performance of an anienna was designated

ihe lcw noise antenna figure of merit, which is

.

TS G 13 ke antenna gain and T, is the effective noise temperature of the ante

A
A Iurther relation ray be described relating the gailn of an antenna system for a

specilicd .aperture area to the maximun gain attainable for the aperture area as

Gy = T(Go

nria.

=77~



wiere G  1s ths maximun gain obtainable, which corresponds to a uniform illumi-

v Do
TA .

vrich Zor a specified aperture area and frequency of operation reduces to simply

MA = TZ/TA .

=% is therefors apparent Irom these relations that maximal aperture efficiency

ccnsisternt will low valuss of degradation inT, due to spillover and minor-lobe
level interaciion with the envirommental temperature distribmtion appears to be

tne principal feed design objectivs.
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3.2.3 cCain-Temperature Integration Technigue

Formulation of a general method for determining the effective antenna noise

lemperature appears worthwhile in that quite often it is not possible or feasible
Lo ctain an accurate far-field pattern for a large or isolated antenna. However,
accurate prirary fesd informavion is generally available. Also, it appears that

arn

e

analysis ol this type would serve to establish on a practical basis the desired
craracteristics of primary feed systems. A comparison of the calculated results
with ine measured experimental data should allow development of a consistent and
accurave reans Jor tne devermination of the effective antenna noise temperature.
Devermiration of the effective noise temperature of an antenna from the form
£ Ils primary pattern and the spatial temperature distribution is based upon the
fect vhat the far-field pattern may be synthesized from the primary pattern and
rellector conciderations. The far-field power gain function integrated over the

t pwvitl temperature distribution represents the total effective noise temperature

for tihe antenna. This may be expressed as

T, (L) 6 ()T () dn
or in sthericzal coordinates
To= (l/hn)“[]‘G(¢,O) T(#,9) sin 0dedd .

Synihesis of the far-field radiation pattern to a close approximation may be obtained

oy Fourler transform techniques applied to the form of the primary illumination

functlion combined with the amount and extent of the spillover energy. By then
menlng ressoradle simplifying assumptions concerning the spatial temperature

cisiributica, the preceding integratior may be accomplished. Initially the'
Temperature distrituiion simplifying assumption is to consider the distribution

Y0 nave symnmeiry in the azimuth plane and to have a simple "step" form of temperature

-

=19-



veriavion in the elevation plane. A further simplification may be accomplished
oy relerying utne temperature distribution assumptions back to the primary feed
illumiration patterns which were obtained experimentally.

an aralysis of the experimentally obtained primary patterns may be obtained
ty wmeans of a patlern integration technique of the recorded primary patterns., This
Tced evaluation technigue enables a comparison of the measured feed perfo;mance with

thay obtained by certain optimum and conventional illuminations.

The directivity of an antenna is given by:

_ P(max)
D = kn §Pp) da
D = Ln P{max)

JP(6,8) sin odedg

assumirg the radiation patvern is symmetrical about the X-axis, we may write,

P (0,8) = P(8) = P (max) r (0)

and
P (max)
D = L= R R .
6( P(max) r sin Qdodg _ .

T
2n sf r sin 6de

O
"3

D= =
g‘ rsin@de
RN - .}, = e o L~ £ - ' =
agre r is une rolative power as a funchbion of 3

ratio of the normalized powver.

Considering the P = constant plane in & conventional r, O, @ spherical
coordinate system such as that shcwn in Figure 3-8, we find that the area measured
oy the planimeter is gilven by

A-l/2jR2 4, R =R (6) |
en_



~
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Feed Evaluation Coordinate System Geometry,

Feed System Integration Regions.

Figure 3-3. Coordinate System Geometry and Integration Reglons
For Feed Evaluation Techniqua.

0
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. The arca indicated by the planimeter may be written as
2
2A = R 4 @
0

-=§L rsin 8490

Hence if a plot is made for
R = (r sin 0)1/2
and irtegrated with a planimeter, the value of the power density integral is
given Ty 24. TFor our particular case, referring to Figure 3-8, we have tﬂe indicated

dealized primary pattern for a constant primary illumination over the aperture.

|

Comzarison of the primary pqwer pattern obtained experimentally with the idealized
rower disvritubion enables & determination to be made of the relative merit of
<he verious feeds.

in graphical integration we herefore want

‘ jR?(O)dO -fr (@) sin 6dQ = max, for 0 < Q < v

jr (6) sin 6d6 = min. for ¥< @ < m .
The procecure way be modified slightly if the integration is to be done in
caricsign Sorm by replacing the polar planimeter integration expression by,

.
A={ yde, y=y(0)
0

wherc s is the relavive power ratio. For this case 1t is necessary only to plot
7 = r sin © in piace of the square root as required in polar form. The graphical

irntegravion tuerefore consists of .

A-Sy(@ﬁ@-jrsin@do.
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llence, we niy plcy r sin @ and integrate with the planimeter,
ficvially it appears desirable to separate the primary feed patterns into
soveral regions in order to properly evaiuate the noise temperature contributions

in the various spatial regions. These regions are shown as t_§1’ t,?é: etc.

To eval.uate a feed pattern we may list the following steps:
(1) Convert normalized power measured in decibels to a linear relative power
ravlo as a funculon of angle.
\2) ultiply vhe value obtained in step 1 by the sine of the angular coordinate.
>, In cartesian form plot r sin 6 as a'function of ©; in polar form plot
\T sin ;>1/2 as & function of 6.
(4) ZIntegrate with a planimeter from O to¥ and record value.
(3)- <ntegrave with planimeter from¥ to n and record value. ,
(0, The ratlo ol the result of step 4 to step 5 determines the figure of merit.
(7) The infiuence of the various temperature distributions in the appropriate
regions ol space may be multiplied by the fractlon of the total energy contained
Li ey yeglon to provide an estimate of the noise contribution of the primary
couat will Lave tne dimensions of an equivalent temperature.
L0@e8CCOnULLTY patierns mAYy be treated in a similar manner.

. L . -

™t~
107 Lald

ine fcllouing table irdicates nominal values for the spatial effective
GoLye Tewgereture aistributions as a function of frequency. The selected NASA
Tregueincy reglons are used as a basis. Zenith pointing of the secondary pattern
i3 aescuncd In the following table, Mean values of the galactic contributicns are

PR

&L30 asguned,



y<c < s 52® | 62° < 9 <90° | 90° <0 < 100° 100° < ¢ < 180°
| zzsie | 1300% 290°K 600°K 5000K
f LC3 e 30%% 290°K 500K 30%
1700 Mo 7%k 290°K LO°K 7%
L0CC e } 3% 290°K L0k 7°K

TABLE III-3

Zffeciide noise temperature spatial distributions for galactic and absorption
nolse atv verious selected frequencies.

2.2.4 Tvplcal Evaluation Results

-~

» cemparative evaluation of the primary response patterns of the surface-

weve feed siruciure developed during the program and the best available information

on ovher low nolse antenna feed systems appeared worthwhile., The techni ue consists
ys q

ol detverrinin; vhe ratlo of the power contained in the spillover region

o3
ct

ne minor-lotes to the total power and relating these values to their

o
£,
=

'cporiave nolse temperature distributions. This may be done by re-plotting the

saviern in a linear coordinate system and integrating the regions of irnterest by

neans ol a planimeter as described previously. In re-plotting, it is necessary to

stivern lnlcnsivy. A computer technique has also been programmed for this integration

Whicn enadles more rapid evaluation of the patterns and is believed to be of somewhat

greater accuracy.

—GLi-
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“he pziterns which have been evaluated by this technique are:

1. The I and E plare patterns for the surface-wave cone structure with

s.ceve-dipole Ieed,

2. Tre X and E-plane patterns for the surface wave cone structure with the
circular polarigzation horn feed.

3. A conventional horn feed.

~. & 10w nolse feed recently reported on by JPLl, which is a shaped beam
Teed used with a large paraboloidal dish,

- L2e JFL Teed information is presented as an average of the H and E-plane
responsces. The suriace-wave feed information will be given separately for H and
E-plare respensas and also as an average figure for comparison purposes. The JPL
.sarurenente were conducted at 960 and 2388 mc, using an 85 foot paraboloidal
reflec.or with several antenna feed configurations. The published data for the
oL xow nolse and comparison feed horns have been analyzed and processed in a
Similar manner to the surface-wave feed patterns,
1€ invegration process for the primary patterns has been divided irto
severa. regions to enatle a more effective determination to be made of the

Se..lting equivalent rolce temperature. Since the sky noise temperature dis-

Lrolutiin is found to be generally a function of the pointing angle, especially

&t vne nigher microwave freguencies, it is desirable to separate the principal

~e D. Ziugter, C. 7. Stelzried and G. S. Levy, "The determination of Nolseg
Terzeratures of La*ge Paraboloidal Antennas"', IFE Trans, on Antennas and Propa-
gevion, Vol, AP-10, No. 3, May 1962; pp. 286 - 291.
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rezions of variation. The half-space which the ground represents may'be set
to a fixed equivalent noise temperature, generally about 2SO-BOO°K. The remaining
ralf-snace which the antenna "sees" represents the sky noise distribution,
e éky distribution has been arbltrarily divided into two regions of interest;
thevregion within about ten degrees of the horizon and the remaining space. This
separation results-from the sky noise temperature attributed to atmospheric
avscrpiion influences and 1s significantly greater at low pointing angles to the
horizon than in the regions near the zenith. The regions under consideration may
be summariced as follows as illustrated in Figure 3-9:

l. The region subtended at the primary feed by the secondary aperture.
For the designated £/D = 0.42,this region corresponds to -62°%<0<+62°,

Tre angie O is taxen with respect to the primary feed and corresponds to

the deviation from the forward axial pointing direction of the primary feed.

2. The region between the secondary surface aperture edge and the horizon
corresponding to 62° < @ < 90° and -62° > @ > -90°,

3« Tne remaining sky region including the zenith at © = 1800. This region
correspords to 100° < 6 < 180° and -100° > ¢ > -180°,

Temporature distributions which are dependent upon the frequency of operation

and cervain otrner factors may be established quite readily for the assigned regiors.

-0 tiis mannser a reasonably accurate determination of the theoretical primary feed
Lerlormance may be made for a given feed.pattern. The behavior of the sky temper-
ciure oo a functlion of frequency and the other factors involved has been reported
on proviously in scome detail. Thg section on Environmental Nolse Temperature
oistriltaiion frecuency plots which graphically present the factors influencing

rnolse vempsrature and its variation with frequency.
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wRSars aesirable to evaluate the general performance of the developed feed
cstructures and Lo compare this information to available information on other state-
olf-the-art :cw noise feed systems. It then appears desirable to set in the appro-
riatc temparavure distributions for a given operating frequency and compare the
low-noise performance of the antenna systems.

A tabulation for the results of the various pattern integrations over the

roglons of interest is presented in Table ITI-L. It is interesting to note that

n surlace-wave cone feed structures indicate average values for the spill-

cl

SO

[e]

ver aind rinor-lobe energy compared to the total energy of about 2.6 percent or
Letuer, Cormparing this figure to the shaped-beam low-noise feed of JPL which

nasc o cotbined spillover and minor-lobe average value of about 4,6 percent, we

rd an Lyprovment Jactor for the AGA surface-wave primary feed structures.of
cooue wwo to one. This performance corresponds to an improvement over a con-
veniional LU b hern feed of about rive to one. These valugs are believed t
cepresent itrue, practically attainable improveﬁent factors for the large para-
ToLcléal anienra configuration., It is important to note that these improvements
are oblulied Ty more optimum primary feed design only, and no changes are reguired
ol lnLe cocondary suriface,

~

£ The antenna eguivalent noise temperatures may be accomplished

ct
},l
O
o3
O

- DRI ~, ~

a frequency of operation for which the sky noise temperature is
the contributions throughout all space for the integrated

patlern rcspenses., Since the JPL cata is established for a frequency of 2388 me
wiich Qoes not ciffer significantly from cne of the NASA operating {requencies,
ihls Ireguency will be utilizeds This should also allow an accurate comparative

veluation of the various fesd systems on an equivalent noise temperature basis.

-88-~
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Actually, wiae eguivalent sky noise temperature distribution is reasonably constant

ey

in the reglon Srem about 2,0 - 2,5 Ge,so the following evaluation should hold for
|
uuis frequency range.
Jor the varicus spatvial regions of interest, the following nominal values }
Tfor the elfcculve noise temperature are taken. This data is believed to represent
the best galactic and atmospheric noise evaluation sources available. Table III-5 ‘

convains this information in tabular form for the specified spatial regions of
|

From the irformation in the previous two Tables, the antenna noise temperature
£ Table ITI-6 are calculated. The average values are used in these cal-
culaticrg, since it is assumed that a signal sensing system such as circular polari-

zation is ermployed.

e

ing a combined contribution due to the scattering of ground energy by

tne Teed supports and transmission line losses equivalent to about 39X, the values 3
cricined in tre latter Table reconcile quite well with the JPL measured equivalent

nolee tompoerature valus of about 15°K.

Swirarizing the preceding determinations including consistent feed support

scatlering arnu iransmission line losses for all antennas, the results shown in

+

Table II.-7arc cdotained.
A olerminatlon may also be obtained of the noise temperature characteristics
¢l an anvenra {rom the nature of its secondary pattern. This may be accomplished for

‘- - [

icrowave reglon with reasonable accuracy by considering the predomi-
LGN Gegrading Jactor, the minor-lobe energy intercepting the ground region, and
1he corresponding temperaiure distribution. The temperature distribution for the

ground nay we generally assumed constant and of a value equal to either 300°K

-90-
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§ . as is often assumed in the literature, or about 250°K which includes a ground
emissivity factor and is probably more realistic. For an isotropic antenna, the
antenni ncise tlemperature contribution would be the fraction of the antenna

energy intercepting the ground multiplied by the assumed ground temperature. In

this case, a resulting value of\about .125 - 150°K., For decreased average back-

lobe levels, the corresponding antenna noise temperature will also be decreased, °
Figure 2-10 is a plot showing the antenna noise temperature contributions due

to an avéra;;e back-lobe level, EBL’ intercepting the ground region:. The two linear 1

plovs represent the two conditions of ground temperature which were noted to be

functions of the ground emissivity. '
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Figure 3-10. Antenna Noise Temperature Contributions
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‘ 3.2.5 Iow Noise Eva.lué.tion of I\\ASA 85 Foot Paraboloidal Reflectors

ne secondary patterns for a typical antenna sysfem of the large para-
boloidal reflector type employed by NASA were pot available, therefore an evaluation
was macde based on the reasonably well-defined characteristics of the feed system pri-
mary. patternse. Assuming an approximately cosine form of illumination distribution
across the aperture and a ten db taper level at the aperture edge, we find by pattern
integration techniques that the fraction of feed energy lost as spillover is about
.22, Combining this with an average grdund temperature, including the ground emissivity
factor, of about 250°K, we find a resulting noise contribution due to spillover in the
grounc region of about 559K. We should add to this figure the noise degradation due
to energy losses in the feed supports, of rominally ten degrees, for a total reasoh-
ably frequercy independent noise contribution of about 65°K.
The envirconmental contributions from the main beam must also be considered which
' . for the four principal NASA frequency ranges of interest may be described as follows::
At 136 Mc, the galactic noise contribution of about 600°K combines with the -
previous contribution for an average equivalent antenna noise temperature of about
€50°K. ) |
At hbo Nc, the galacticﬂcontributions are considerably reduced to a value of

abcut 30-50° Xalvin., Hence, a nominal antenna noise temperature valus of about

2CCOK may Tte expected.

[

At toth the 1.7 Gc and the L.l Gc frequency ranges, the envirommental noise
ceniridbution is cus primarily to atmospheric absorption and, at Zenith, is quite
wiall, .about 3-L° Kelvin, Therefore, the resulting effective antenna noise tempera-

ture for thess conditions 1s about 70° Kelvin,

~9l-




= ‘ These estimates are approximations to the true conditions and meglect certain

facters of varying importance, As reasonable approximation to the actual antenna

roise terperatures, the presented estimates are believed to be realistic and generally

velid for the conditions specified.
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IV  SHAPED BEAM FEED APPROACHES

dictate that for maximum aperture efficiency corresponding to maximum gain and
ninimal spillover energy, the secondary reflector illumination should appear
iceally as a pie-shaped response on a& polar plot. Neglecting the space
attemuation effects between feed and reflector, this requireé essentially a
nrinmary feed system providing uniform illumination over most of the solid angle
irtercepted by the secondary surface and a rapid response taper w%}h angle

in tne region of the reflector edge. This type of illumination is in
discinct.contrast with the gradual energy taper from the aperture center associated
with primary illuminations which provide low values of.side-lobe energy in the
region of the rmain beam.

Tae minor-lobe energy which is separated considerably from the main beam
provides the principal_means for grouﬁd radiation to enter the antenna and
generally resulis in significant nolse temperature degradation oflthe antenna
m. Hence, the "far out" minor-lobe levels must be suppressed at’the expense
.creasing the "near in" side-lobe levels if a minimization of the antenna
roise temperature contfibutions due to grcﬁnd radidtion is to be realized. The

evaluaticn of a low noise antenna should then be based to a considerable degres,

uron a careful examination of the far out side-lobe response characteristics of the

&

-
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Tigure 4-1 illustrates the primary pattern beam shaping approach taken.

The conventional horn feed in this illustration may be seen to have a rathér .
svadual dccrcase in enmergy with angle of departure from the center of the feed
patiern resemcling a cosine or cosine squared primary response. ‘The shaded

rea of the primary pattern indicates the energy contained in the feed illumina-

tion wnich does not intercept the secondary aperture. The energy which is not

]
Yy

Tectively utilized in illuminating the secondary aperture results in rather large
cpillover lobes and in a degradation of the antenma system aperture efficiency and
maximum gain. The ideal feed illumination shown in the center plot consists of
a uniform illumination over the angular extent of the secondary sperture decreasing
to' a value of zero at the aperturé edge. The ideal feed illumination results in a
reasoracly consvart illumination over the secondary aperture surface and hence the
fardliar uniTormly illuminated circular aperture'secondary pattern would be
obtained which corresponds to the maximum gain condition for the antenna.

i1t may be worthwhile to briefly discuss certain of the important characteristics
of tne far Iield patterns for a constant illumination ideal primary pattern such
as thal illustrated in the center figure. In particular, the relative levels of
ihe near Im sice lobes and the rate of decrease of the minor lobe energy are desired.
fie seconcary paviern in the far fieid for constant 1llumination of a paraboloidal

aperwure of circular symmetry may be writien as simply the product of the aperture

waLch in terms of the power response may be written as simply

' p(u) = F(a) [Al(u)} 2 _ .

-97=
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The arcument, u, represents the departure from the axis of symmetry of the

parabcloidal surface in terms of the aperture dimension in wavelengths and

the sine ol the angle of departure, ©. This relation is written as

ur =

>lo

nsin O .
Mcre conventicnally this relation is given as the square of twice the product

of the aperture area and the first order Bessel function divided by the argument,
2

or &s
() {n D Jy(u)
u =
P LA u

which iy Te recognized as a rap*aly converging expression intheargument. ‘Pattern
creracteristics for the uniformly illuminated circular aperture have been worxed
cut by Silvcrg/ and others. It 1s found that the first side-lobe is down about

17 &t from ihe main lobe, the second side-lobe about 24 db below the main lobe, .

=d all culers over 30 db below the main beam. For space tracking and communica-

tions. applications, these - re.atively high minor lobe levels appear to be quite

e id;al primary illumination characteristic described in the fijure resulis
in I0C pevcent apervure efficiency and maximum gain at the expense of an acceptable.
‘nereiss in ihe side-lobe levels rnear the main beam. However, it is apparent taat
The actua. primasy paliern ovtained ty any practical feed shapiﬁg approach must have
& firite illuminavion taper at the aperture edge, since we are naturally ooncerned

niy with Jeeds ¢ reasonatle physical.gxtent, and are not concerned with the actual

~

2. S. Silver, "iicrowave antenna Theory and Design", McGraw-Hill Book Co.,
Inc., Now York, 1949, pp. 192-195.
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or approximate limiting condition of aperture to waveléngth ratios approaching

infinity or of even very liarge values, With a primary feed of reasonable size a

gracdual illumination taper at the aperture edge will be required. The pattern also

will not be uniform but will contain minor deviations from uniformity within the

arzular extvent of the secondary aperture. The important considerations are to

greatly reduce spillover in the region not containing the secondary aperture ard to

provide reaccnably uniform illumination over the aperture surface by means of a
moderately sized primary feed. The shaped beam feed objective plot illustrates

thaese desiratie features more realistically presented.

t—

.2 Dielectric Lens Feed

4.2.1 Averiure - Illumiration - Slope Relations

Initially the dielectric lens feed design was directed toward obtaining
wedge shaped patterns having a slope of approximately one db per degree at the
apérture ecge with beamwidihs on the order of approximately 100 - 120 degrees at
tae 10 db points. Several different techniques were investigated, all of which
depended upon an increase in the size of the feed siructure :'in order to obtain.
the increased beam slope at the aperture edge. Several general techniques which
appeared aprropriate might be reviewed. These techniques included the following:

1. Eréifire radiators.

2. «perture type radiators.

-~ T

3. Hybrid systems (for example: corner reflectors)

For tae ageriure type antenna, the simplest configuration might pessitly be a

uwneberzg Lens with an extended feed system. A single feed on the lens procuces a

gcod beam slope and a combination of several feeds arranged to provide the cesired

-100-
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vecm slope at the edges and maintain a pattern without mulls over the region of

interest appeared to be a feasible approaéh. Another aperture technique

invelves a single feed with a shaped dielectric lens. The purpose of the lens is
to civert energy from the center of the beam into the regions at either side of

th .beam. In this manner a reasonably uniform illumination pattern appeared

avle. A reasonably rapid illumination taper at the aperture edge should be
possivle if the horn illuminating the lens has desirable characteristics. Hybrid
feed systems were of interest at the longer wavelengths in particular. It appeared
that a simple endfire feed system, possibly a dipole element, might be combined
with eltner a reflecting surface or a surface wave structure to obtain the

Gesired primary radiation pattern.

w.2.2 Zxverimenial Results

Several priﬁary feed systems consisting of sectoral horns and dielectric
lens cenligurations were fabricated and experimentally tested. Figure L-2
iilusirales a shaped lens feed pattern in which the reflector is nearly uniformly
“-iumirated while the reasonably sharp illumination taper at the edges tend to
reauce spillover. This horn lens system was designed for a 10 db bearwidth of
about 130 cegrees. In order to obtain far-field patterns for this and other
iceds urder investigation, a paraboloidal cylinder reflector was constructed.
Fizure L-3 illustrates the parabeloidal cylinder with the H-plane sectoral horn
“eed witn dielsciric lens in place. Secondary patterns taken by means of this
;:raﬁge¢cnc indicate a considerable improvement in the level of the minor lobes

Tormied Dy tne spillover energy for the lens system compared to the conventional horn

[

ced.
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~+ should be rmentioned that at all times during the program an attenpt
--as mace ¢ develop feeds wnich would operate effectively 1n a circularly symmetric
corliruration.  Evaluation of the various linear polarization feed system under
exocrimentation was cortirually made in order to determine the operational
charccteristics of the feed as a function of polarization, loss characteristics,

physical size, and other factors of importance. The early experimental effort

utilized Linear polarization feed structures due to the fabrication simplicity of

b py b

tnese configurations coupled with the general validity of measurements made on these

feeds at both polarizations in determining their circular polarization characteristics. -

soazuronents téxan. The principal horn lens structure employed in the program
was a half-pilibox feed with a dielectric lens and a single waveguide input. This
seme conliguration was medified for a dual waveguide input in order to simulate

monopuloe operation of this feed sysiem. Figure L-L4 1illustrates two of the

aveguide primary feeds employed. One of these waveguides 1s simply an open guide;

tne other is tapered at the waveguxde exit and contains a beam Lroadening post in
s aperture., Tae lavter feed systen has a very broad beam energy distribution and
erfectively iiluminates the entire extent of the dielectric lens surface. Figure
-3 is a pnotograph shcwing the half- pilltox primary feed with dielectric lems.
Figare L-6 dillustrates the same: dielectric lens structure fed by means of a dual

aveguicde sysiem simulating monopulse operation. The comparison horns to which

the nall-pillocx dieleciric lens and paraboloidal cylinder reflector were

r\
(¢}

chscred  ave sacdn in Figure L-7.. The primary pattern for the Sperry S6X1

3

tzndavd gain norn is shown as Figure L-8.. : '

o4
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The coordirate geometry which has been employed in describing the primary

Taviern neasurements é%d polarization orientations is given in Figure L-9.. A

-T patiern coordirate system geometry illustration but for secondary patterns
»s presenved as Figure .4-10. 1In order to enable operation of the feed

~/Suen with circular polarization, two open circular waveguide primary feeds were

uiilised; their measured primary patierns are presented as Figures L-11 and L-12.
Lhe primery pattern for the shorter of these two open éircular waveguide feeds is

£noWn in the lavter figure.

“lcasuremcnts taxen for the half-pillbox feed system with the best obtainable
ii;um;:ation of the lens structure by the 1lluminating waveguide was.found to offer
Jronising resulus initially. These results are indicated by the primary pattern
Lor vae half-pilibox feed system usirg dielectric lens shown in Figure L-13..
Corsiderdiols difficulty was er.countered in the experimental attempts to obtain

Cesiradle primary patiterns from the same half-pillbox feed system operated in a

piLiien Jeed system simulating a monopulse configuration and it is apparent that there
is considerable assymevry in the response.

<he prizary pattern measurements of the various feed systems indicate several

&

lniersiving featurcs., The measurements were made initially as H-plane patterns

o
Sor vertical polarization of the feed system using the feeds as receiving elements,
-a¢ eflect of the pin in the waveguide aperture for the 1lluminating waveguide

3

€inSl0/ed Witk the dielectric lens structure was found to have a very marked influence.

3

“4s czen rectangular waveguide does not appear to be very desirable as a feed

iliumiravion method since the minor lobe energy level is quite high. The open

vavesulce illuminating feed containing & post in its aperture was found to provide

*=110-
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Figure 4-10, Coordinate Geometry For Secondary Pattern

Measurements.
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good performance as & broad beam feed in illuminating the lens structure as

well ag in other primary feed applications. The primary pattern for sectoral horn-
flzred in the H-plane, illustrated as Figure L-15, , closely resembles a typical
aorn feed pattern with the exception that the side lobe energy is relatively high.
The primary patterns obtained from open circular waveguide are very similar, as
ray Ce noted in Figures L-11,12. Thexdifference between the two feed structures |
aprears principally as a beamwidth variation related to the internal dimensions of
tae wavegulds employed which directly relates to the effective illuminating aperture.
ihe side and bacxk lobe energy from the circular polarization feeds is seén to be

Or Vilis reason some secondary patterns were taken using the circula}

polarication wave uide feed since it is believed that the low values of side and

back-lclo encsgy levels would enable a good representation of the far-field

T ageriure edge. . !

anc

L€ prinary patterns for the half-pillbox feed system with a dielectric lens
was ons of the Iirsy attempts at obtaining a reasonably constant 1llumination level
Cver thne mysical ajperture imnvolved and of achieving a very rapid taper in the illum-

vern toward the ecges of the rerlector. The primary patterns for the

r’
t
o
¢

}

}
t

f)
X
c

ced cyswems iliusirate that the energy distribution is indeed
ToLIonadLy constant over the aperture; however, the illumination taper in the
Fegeon o Lle eperwure edze is not as sharply formed as desired, Also, it appears
Vel TLC slde wnd tack-lobe energy is at a higher level than desired and some
ﬁcais cpaeal necessary Jor reducing this level. The assymmetry shown iﬁ the
wenelse corliguravion for the dlelectric lens feed structure appears to be due'

Prinarily <o the off-axis entrance imto the feed structure of the waveguide
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illumineting aperture.

L.2.3 Zvaluvation of Techrnique

Tne seccndary patterns which were taken for both representative primary feed
nd the half-pillbox dielectric lens feed systems indicate

significant improvements attainable by the use of dielectric lens configurations.
The aperture angle reguired to be subtended by the primary feed for the é/D ratio

2 0.4L2 established from the NASA 85 foot paraboloidal reflector geometry is

O

apprexiuately 125 degrees. This is quite a 1afge beamwidth for reasonably uniform
iiluniration to be required and it certainly appears that the dielectric lens
technique cirers some merit in meeting this requirement, especially for linear
polarigation., The principél objections which were found to this feed arrangement
are ir the primary pattern "ears'" located approximately 8-10 db below the mid-

team average level at each extremity of.the main beam. This effect was found to

te difficult 10 correct and is possibly associated with the mode configuration

v
P

ct

he scatiering properiies of the half-pillbox geometry and dielectric material.

'\
£,

-3

he edditional disacvantage in the measured dielectric lens patterns of a reasonably

ieh minor lobe energy distritution also caused some concern., For this reason the

4
g &

jay

dleleciric techniques employed within a pillbox were set aside 1n order to pursue

possidly more édvantageous means for ovtaining the desired primary pattern illumination,
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. . 4.2, "Dislectrie Loss'Noise Considerations

The uss of dieleétric materials as a surface wave mechanism to "{rap" or
ridlsoritute part of the radiation field energy appears to be a worthwhile tech-
Sagiwe Jow cerialn primary feed applications. A significant improvement in the
Srimary response pattern characteristics for a class of feed systemns for use in low
ﬁo;se anienna app.ications has been experimentally noted. However, the use of die-
~csiric malerials in an antenna feed design for low noise application should be
uzted thorouzhly to determine the extent of degradation in the effective
arvenna nclsa tumperature due to the loss characteristics of the dielectric
mrerian, To Unis snd, & determinaticn fcllows of the ratic of the energy losgses

Gu U Une srcnertles oF the die_ectro emp_cyed to the wotal signal €NETLY avail-

"3

Go.t av ine antenna terminals, From this information a reasonably accurate indi-
Catich nay De outained for the effective noise temperature degradation due to the.
dleleciric loss properties.,

Consider the amplitude of the received energy in the neighborhood of the

arcenna as having a simple periodic form represented by

E= Eo cos wt,
s lE Z, +s indapercent of time and «w/2n is the signal frequency. If a field of
Thls naturs has existed for a long duration compared to the polarization inertia time
o dleleciric material, then the arplitude of the electric displacement, D,
wili O3S pericdic In tinme. However, in general, D will not nscessarily be in phase
Wl 3, Tul may show a phase shift, ff, expressed by

D = Dycos (wt - ff)

D = D,cos wtcosf + D, sin wt sin g,

D = D, cos # and D -Dpsind

2
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D = Di cos wt + Dzsinwt.
The ratio DO/EO usuélly depends upon frequency{ hence for a given dielectric
ratesial Lu is necessary in general to use two differing dielectric constants
“o express its properties, i.e., |

Dy = e3E, and Dy = &E
Therefgre we may write:

D, Dy sin @

= tan @
D; Dy cos ¢ '

tan @ = Ez/el

. The dielectric constant may be written in complex form as;

£ = 51‘+ 352
sing exponential notation for the field, we have:
E = Zpe 9% = E_(cosut - § sin w t)
which may Le used to write the conventional expression for the electric displacement as

D =c¢

3]

consicering the reai part only. -

Censidering a linear isctropic dielectric in the presence of a periodic field,
we may calculate, on an average over one period, the amount of electric energy which
is transformed into neat. For isothermal conditions}/, we have

. 3} g
cU = 4aQ * TR dD =0

and integratirz over one period,

1. H. Frohlich, "Theory of Dielsctrics", Oxford, Clarendon Press, 1958; p. 10,
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2n/w’
Q=l/bn! ES dt.

The heal produced per second per unit volume, or the rate of loss of energy from
icld is therefore,
© 21/ . : : - .
T = ]
o :
Intezraving dnd reducing, we obtain

- €2E 2w
L= Q .
STI

wiiach in terms of the phase angle becomes

2
L =&8E @  4ans
on

Calculating the ratio of the electric losses to the total energy available

3

s
wa ostalr

-

2
Ko = k1L . gl(elEo w/8n) tan @
Z
E] / Zg

X

o (klslf Zo/L) tan @

(klsoemf zo/u) tan @,

X
o

]

wasre K, represents the Iraction of the toval energy influenced by the dielectric

maverial,
,C:oosing typical values Jor the parameters of this expression, we have
+. Surface wave plate or cone material - plexiglass of relative dielectric con-
svant &, = 2.6 resulting in a dielectric constant e = 2,6 e, where

g = 8.05 x 10-12 farads/meter, and loss tangent,'tan g = 5.7 x 10™3
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2. TIrecuency of operation, maximum £ = 4.2 kMc, .

cr £ = 1.2 x 107 cps.
3. ZInput impedance to antenna at antenna waveguide feed, Z, % 200 S1
L. Fraction of total energy influenced by dielectric material, k = 0,30
VWith these assumptions we obtain:
Ky =[0.3 (2.6 x 8,85 x 10°2) (L.2 x 10%) (200)/L) (5.7 x 1073)
- 6.27 x 107"
£, = 0.093 percent
Converiing this fraction of the total energy which appears as a&.loss in the
dieleciric to an effective noise temperature in terms of Tp, the dielectric loss
noise ecuivelent temperature, we may write
TD = TOKobdeg. Kel&in
= 290 (£.27) x 1074

TD - 0.2E° K

cielectric in the surface wave structure is quite small,

Yo verily the previous result by another technique we may consider the léss
caused by an equivalent length of similar dielectric inserted in a waveguide. For
& plare wave propagating through a lossy dielectric, we may write for the attemuation
constant, «, in nepers per meter,

) /2 \1/2
Q= w {?gf El +~;§§?—;] - :{}

where @ = 278, uy = permeability of free space (or of dielectric in this case),
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¢ = conducuivity of dielectriec.
I3 mzy e shown thai

— = tan &
(1251

which is tle dielectric loss tangent.
Yeasured valuesS/ of loss for dielectric-filled waveguldes operating in the

132 mece including certain second order effects verify the basic form of the

expression given. The expression in terms of the dielectric parameters, i.e,,

the loss targent, tan 6, and the relative dielectric constant €, may be written:

C.'.D = 832 E-ETn—é

.
o 1

vV oe - (xo)‘
2a

Y-plane waveguide dimension in centimeters.

N . -
~[LeEre a is 1o

(6]

Cornsidering a one irnch length of dielectric or relative dielectric constent
¢ = 2.5 and los3 tangent tan & = 5.7 x 10°3, we obtain from plotted values a figure
of C.28 db/It. For the one inch section this is equivalenp to a loss of about
C.0LO db, neglecting other factors such as standing wave effects, etc. The
effecvive dielectric loss température for this length of dielectric may be
writtsn as
0.0L6 = 10 logig (L= D)
Iy = 296 (0.0106)

Tp' = 3.07% per inch

e - <

<Liz vaaul io actormined for a wavelengih of 3 cm which 1s somewhat less than the

rinimun wavelengih to be actually considered in the low noise antenna system.

~

2. GJ.I.M. Peeler, "Dielectric Losses', NRL Paper, April, 1953.
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‘: slso is practical and desirable to use dielectric materials of considerably

1cs> loss characteristics than the material described. Polystyrene or teflon
Feloctrics erc of essentially equivalent dielectric constant (2.5 and 2.1
re.o3etively) but nave loss tanéents of L x 107 or better, a full order of
megnitude better uhan plexiglass.

Considering, therelore, the lower frequency of operation and the use of lower
1ccs dislectrics, the improvement in the calculated equivalent loss temperature per

iven of dielectric may be obtained. The corrected value under these conditlons

Tg' = 0.15°K per inch,
Ascuming an extent of jielectric comparable to the length of the surface
wqeve structures, we consicer a length of approximately ten inches which appears
—~ealistic - or possidly somewasat pessimistic. The resulting value for the effective
noice temperaiure Gegradation due to the dielectric properties of the feed calculated
from the procecing approach appears to be
Tg' (total) = 1.5%K.
Doin approaches trerefore indicate that the extent of noise temperature degrada=-
:ign doe to the use oi dielectric rmaterial in the feed structure in the surface wave
type of configuratlon is in the order of a degree Kelvin., The actual contribution
WLGEY idaal»conditions is probably considerably less than a degree Kelvin. However,
&% tne surface contamination of the dielectric material including
Loa assorphion possiply degrade tne dielectric characteristics to an extent,
Do inllucncec Lndiceabe unal an upper bound upon the dielectric degradat?on figur§

-~

ol snuuu one Gegrea Xelvin coes not appear unreasonable, This magnitude of temperature

12 (uwite small and does not appear to be a serious problem, The use of dielectric

~125-



siructures at the Ligher microwave frequencies. And it is in this higher region

* which e loss characteristics of the dielectric are least desirable. In the
wower Ircguencies, the extant of dielectric necessary becomes large, but the loss

“5 Improved with lower Ifrequency operation and in general the noise improvemernt

possivle in the lower regions is considerably restricted.
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‘ 2.3 Surface wWeve Structure-Feeds

L.3.1 Eleciromagnetic Energy Trapping Mechanism
The re-distribution of the energy contained in an electromagnetic field existing
7 the vicinity of a reactive surface in such a manner that reinforcement occurs
rear the surface poundary is a well known and much employed physical phenomena. The
actual mechanism at the basis of the surface wave "trapping" effect 1s in some :
céntenzion;/, nowever, occurence of the physical phenomena may be easily verified.
Tt was desired to employ the surface wave "trapping" phenomena to the shaped
becn feed design by extending energy trapping surfaces along each side of an
illunineting feed aperture. For the proper set of conditions involving the
orientation of the surface wave trapping surfaces, the beamwidth of the i1lluminating
aperture and various other factors, it appeared that a three lobed pattgrn should
te eitairatle by nis vechnique. The first lobe, located at the center region of
‘ Tu¢ primary tea uld te the normal main load of the primary feed energy dis- |
F:;bution; the otnher lcbes would be those formed by the re-distribution of the
Jeed erncrgy in itne vicirnivy of the energy trapping surfaces, It was also felt thét

ithis energy re-disitritution should enable attainment of a reasonably good illumina-

ot

ion taner Jor the éntire structure at the limits of the secondary aperture edge.

ct

b IO
-~

Gl

b1

a technigue of this type may be readily modified to a

(&)
o
(%

"
W
[
o
C
(e N
ct
13
[ib]
C

ty

cod wastem ef circular symmetry and that electrical characteristics independent of

volLrizations wightv Te attainable,
|
, |
“. S. a. Scaslmuncs f, "inatomy of Surface Waves", IRE Transactions on Antennas
&ré Progezation, Dec. 1959, pp. 133-139. ‘
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sSevera

suriace wave feed designs were constructed and experimentally

evaluaved urder a variety of conditions. Two classes of linear polarization
structures were initially emplayed; a flat plate horn configuration using dielectric
thecls and a quasi-horn configuration consisting of metallic corrugated surfaces
enclosed top ard bottom by metallic plates. Illumination of these primary

Teeds was provided by an open waveguide feed system employing a-pattern broadening
ost in Ils aperture, and at lower frequencies by sleeve dipole radiators. Con-
sistent with the effort discussed in the dielectric lens feed system section, a
éomprehensiva study of single feed techniques employing linear feed polarization was
lE course vaken initially, Investigations then progressed to both linear and

circular polarizations and finally circular symmetry was established and the

Poiarizoiticn &nd other feed problems associated with this mode of operation were

1. dielectiric plate surface wave structure was experimentally tested with
sollc metal plate backing, metallic tape backing, silver paint éoating on the back
Lces and withdut metallic backing. The éffects and results were then recorded

.
Jor verilations in the illuminating feed position, feed projection depth into the
apertufe, lerngin ol surface wave structure, polarization condition, included angle,
and certain oiher factors.

L.3.2 Polurization Deperderce

e princi§a1 Tfeed siructures which were tested and evaluated consisted of
irot, a waveguice fed dielectric sheet surface wave structure shown in Figure L-16;
sscond, a wavegulde fed metallic corrugated surface structure consisting of milied
a_aminun olccks coriented between two metal plates as illuatrafed in Figure h;17;

and & whicd reed szructure‘which was similar to the previous dielectric sheet

-129-
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.

curicce wive structure except that it wasilluminated by a sleeve dipole..

-~

Ivaiuvation of the dielectric plate surface wave feed structure arranged in a mono-

b

uise confizuration was accomplished by menas of two sleeve dipoles. This

[

Y

b

configuration is illustrated in Figure L-18..
7
Priuary patterns for the various feed arrangements were taken with particular

nove made of ithe variation in pattern structure due to the various conditions of

illumination, frequency of operation, feed projection distance, included angle,

[}

od polarization. TFigure L~19 illustrates some primary patterns taken for a -
dleiectric plave surface wave feed showing the dependence upon polarization and
incluced anzle tetween the dielectiric plates. Figure L-20 shows some primary

patterns Ior a surlace wave feed structure showing the influence upon the pattern

O
ty
t
[
[}
4]
o
=

face wave structure lengtn. It is interesting to note that the rate of
pattern taper in Jdecibels per unit angle increases with the extent of the surface
Wave suruciure, as expected from aperture considerations. Figure L-21 illustrates
& primary paviern obtained for a sleeve dipole feed with a dkelectric surface wave

configuration. This surface wave feed pattern and the previous pattern for the

feed struciure illumirated with a waveguide horn indicate considerable potential for

[0}
™
o
(9
o
.
[

eer. feeds of this type. Excelient patterns were also obtained for the
wivegulde fea corrugated suriace wave structure. A pattern for this feed system

is presented in Figure L-22.

The primary response patterns obtained for the dielectric plate surface wave
Tecds wioh eluminum tape backing utilizing a rectangular waveguide with a post in
wL€ ateriuse illumination wore inm genéral very satisfactory. Fairly constant
ilamirnezlion cover the center portion of the primary beam was attained with a reason-
at.y Low sulue of minor lobe energy on either side. The 10 db beamwidth for one

of 1icse primary structures was found to be approximately 122 degrees which is guite

-132-
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c.cse So the desired 124 degree illumination. Metal plates were then added above

ard selow the plexiglass sheets to enable the formation of a more conventional

.
nron ype arrangement. Again, a reasonably constant illumination over the center of
1ac tean wes realized with a 10 db beamwidth of about 119 degrees. The side lobe

lovel for this primary feed was found to be of even lower value than the dielectric

p.ate feed. The illumination horn protrusion depth was found to exhibit a marked

It appears that somewhat more effective trapping occurs along the sur-
face rezicns of the structure for the condition.of minimal protrusion depth.

Generally, it was found that minor influences in the region of the projectinn of
the illuninazicn horn into the surface wave structure caused appreciable variation
in the form c¢f ihe primary pattern obtained. The maximum values of side-lobe
level occurred in the order of 20 db telow the average center response of the surface
wave feed,

A primary patiern obtained by the use of a metallic corrugated su:face wave
siruciure is illiustrated in Figure [-22,. Two milled aluminum blocks were used placed
L on included argle of about 130 degrees relative to each.other and sandwiched be-
wween two matal plates as previously describved. This surface wave feed achieved a
crwidvh of approximately 121 degrees and maintained side lobes of approximately
i do'or less. TFor comparison purposes, a primary pattern for a smooth metal plate
re of “has same general configuration &8 the corrugated surface wave feed is
oresented in rigure L-23. These patterns have several significant differences which

shiuld oe discussed. First, the decrease in the illumination toward the edges of the

~136-
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tean iz rach more gracdual for the smooth plate structure than in the corrugated
wave structure. Corrugated surfaces in general are considered to be more
e’fective surface wave frapping mechanisms and hence the resulis obtained appear
to verily previous informaticn. The beamwidth at 10 db points is approximately
125 degrees for ihe smooth metallic plate surface wave structure which is quite

close to tne 121 degree beamwidth obtained for the corrugated surface. However,

corstany iilumination region of about 96 degrees.

Figure L-21 illustrates the primary pattern obtained for a dipole fed
lilumination of a surface wave feed structure consisting of a pair of dielectric
o~&ves orocnted so as to form an included angle of 130 degrees. This primary feed
sysuen uviiized « siceve dipole arrangement operating at 2.8 Ge. The general
vattern ctiained appears quite acceptable and the side lobe levels in particular
indicate promise for this mode of operation in that the side-lobe eneréy is 20 db or
more Telow the main-lobe response for this feed system. It appears desirable to

-ncrease tne taper rate in the illumination region towards the secondary aperture

¢Lge, nowever, accomplishment of this appears to be quite difficult unless ‘sufficient

cguencies. Fortunately the spillover and minor lobe extent of the primary
Teod av the lover frequencies does rot influence the overall antenna temperature to
Tae éxient prevalent in the higher frequency regions, i.e., those operating
freguencices atove about 1.Ge. However, the improvement in gain realized by the

Prifary ziiivern shaping even at the low frequencies appears significant.
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Beam#iitns at the -10 db power level for the surface wave feeds were obtained
Zor approximately 12L degrees without a great deal of effort. The various com-
.promiées, as design choices, available in a feed structure of this type include
surface wave material, included angle, illumination feed type, horn protrusion
depth ard surface wave structure extent. This wide design latitude appears to
place surlace wave feeds in a generally desirable aspect. It is also interesting
To noce that the desired steep slope in the primary pattern at the ocuter extremity
&% the principal illuminating region was generally obtained. A subtended angle
velween the surlace wave trapping regions, or simply the included angle between the
tes surrounding the illumAnatlng feed of 130-135 degrees appeared to enable the
rreper primary beamwidih of 124 degrees to be aéhieved. This condition, however,
&8y Ge specified as the angle required for tangential polarization with

relerence to the trapping surface.

.

~.2 Pclarization Devendence

Surlace wave structures appear to be quite useful in realizing the desired

~opcriles since cirect radiation from the launcher may be judlciously combined

H,
(’J
4]
£2
T

Witk the radlation from the surface wave structure in order to tailor the composite
Laviern.  Une characteristic which has been noted in the patterns presented previously

a

corncerniug tne deaniwdih deperdence upon polarization concerns the fact that radiation
~rol. & conaueving surface 6ccurs at a higher angle for tangential polarization than
To0 pownrizaticn oriented normal or perpendicular to the surface. A simple surface
Wave suracuure sxinltiting axial physical symmetry, for -instance a wide angle cone,
W1ll procduce unequal beamwidths in the E.and H plane patterns. A symmetrical
~edLivion patiern may be obtained in the linearly polarized case by flattening the

cone .2., separately adjusting the flare angles in the two planes, in order to

-1L0-
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cine Latuer I'igure is for similar corditions of included angle and operating

Pad

e for this dilference in the surface polarization characteristics of the
radiation energy., For the example mentioned, a’ cone elliptical in cross-section

resulus. One Zmportant feed requirement in the circular polarization feed system

irvcives the formatlon of equal and orthogonal field components in phase quadrature.

For this reason; the elliptical cone arrangement mentioned is consequently restricted

}L

%o lincar polarization. A complex cone is required for circular polarization,

n unusual requirement attached to it. The circular polariza-

]
J
[¢)
ct
ty
oM
ct
™
[ 7]
0
[+
}.).
ct
()
[

T_on feed must have one flare angle or surface for tangential polarization and
arotrer surface of smaller flare angle for perpendicular pelarization. It is also
desiracle that the energy for each polarization should not couple with the

surrface witih the orthogonally polarized energy.

t

4.3.3 Zirear Polarization Elliptical Cone

Scveral experimental cone surfaces were fabricated in order to determine the

criliam feed placemert and the feasibility of distorting the cone surface into the

eillilpuical configuration. A photograph of a surface wave cone structure s shown

~ s

as Tipgare L-25.  Prirmary patterns for the surface wave cone structure with a T

reciangiiar X-sand illuminating feed operating into the 135 degree included angle
Suag arce yresernted as Figures L-25 and L-26,. The former primary pattern

i1s Icr a Ivequency of 12.5 Ge, vertical polarization and is an H-plane pattern.

1ne wearwidih of the feed structure at -10 db power level is seen to be approximately

121 de_rees. “he prirmar ttern for the surface wave cone structure shown in
< P

eguerncy, tut is for horizontal polarization and is presented as an E-plane
pattern., The Zeed system -10 db beamwidth in this case is approxlmately 140 degrees.

Lan

“n6  shepe of the u-p lane pattern appears to indicate that the trapped energy just
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B ‘ of T tie surface of the cone appears to be nearly separating from the direct energy
received from the laﬁnching aperture. It is quite apparent that a more narrew
core zurlace is required in the E-plane, |

"re utility of a surfave wave feed structure designed for circular polarization
mey Ze somewhaet limited if constrained to the use of rectangular waveguide

lJunination, & circular polarization horn illumination design was required.

4 wavegulide horn was planned, however, the beamwidth of the circular polarization

rorn eaculd be quite wide if it is to illuminate the conlcal surface wave structure
! nroperly. & canventiénal circular polarization horn was employed, however, the
cperture of the horn was tapered in order to broaden the beamwidth for the.illumination.
| ' Tloure 4-27 is & photograph of a circular polarization horm which was employed in
whese tests. Using this circular polarization horn with the cone surface wave
structure reported upon previously an elliptical cone structure was made avail-
® . -

atle wiin gecmetrical symmetry about the cone axis, allowing accurate evaluation

or poiarization influences in both planes.

The primary pattern shown in Figure L-28 illustrates the primary response for
the syunsirical surface wave cone structure illuminated by the circular polarization
Lovn. The operating freq;ency is 11.5 Gc, the included angle for the cone is 135
Geiwees and tas patiern is taken for an H-plane cut vertical polarization. The -10db
sowar beanmicin is shown to be approximately 124 degrees, The E-plane pattern for
ar corfiuration is shown in Figure L-29 and the perpendicular polarization
sufluence has sprcad the beamwidth at -10 db power points to 147 degrees. This
pattern morkedly demonsirates the formation of three independent energy distributimns.
The polarizaiion influences noted across the main beam of the pattern and the broadening

RYY : ) .

elfect of the eatire beam appear to be in large measure independent of the

b . illumirating feed. , : : ‘ )
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0 \ S. W. Cone Structure

Frequency =11.5 Gc¢
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Figure 4-28. Surface Wave Cone Structure Primary Pattern, “ortical Polarization.
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Prior vo altering the cone structure, it was desired to note the
pauvern variations due to several different values of illuminating feed pro- .
trusion depth for the 135 degree come structure. The slant height for the

rne during all of these measurements was constant at 8 inches._'Figure b-30 .

1
.

illustrates the variation in the H-plane patterns for vertical polarization
as a function of the horn protrusxon depth indicated on the plots. It might be
rnoued that tne principal influence is found to be in the region of the center of

tvhe feed pattern. Somewhat as 'expected, more energy may be placed in the pattern
cenver ty greater protrusion into the surface wave cone region. As the illuminating
launca structure is moved back out.of the surface wave region, a greater bortion

£ the irncicent enero& is'trapped by the cone surface,

Surface wave core structures were fabricated with included angles of 135 degrees
and 110 aezrees. These structures were illuminated with signals of both polariza-
tions Ty broad-beam waveguide feeds and dipole feéds resulting in some interesting
resulis. Figure L-31 illustrates the primary patterns for both surface
wave cone siructures employing sleeve dipoles as the illuminating feeds. The H-
picne primary pattern shown in the former figure employéd the 135 degreé”included
angle cone, and as may be seen in the pattern, attained a beamwidth at -10 db points
ol adoui 112 cegrees. The E-plane pattern shown in the latter figure emplo}ed the
2:0 degree cone siructure and attained a beamwidth at -10 db points of 126 degrees.
These beamwidihs are compatible with the 124 degree aperture beamwidth requirement
Tor the primary fesds uvilized with the large NASA dishes implying an f£/D ratio of
C..2. The I-plane paitern particularly appears to be qulte good and is certainly a
vast i.: weasnt frem the considerably spread three-lobed patterns obtalned |

initially will the 135 degree cone. The H-plane pattern could be improved somewhat

~1L9-
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iy greatler flare angle since the dipole radiation characteristic

- Y
Vead

<o nct as broad in this plane as would be desired. The 110 degree and 135 degree
Ciue Jiare angles were selected on the basis of test performed on plane surfaces
V.ilizing principally waveguide feed structures and therefore deviation from -
these selected values for other feeds may be required.

In:o:mation was also obtained for the two surface wave cone structures utiliz-

irg & circularly polarized horn with a tapered apture. Figure UL-32 illustrates

<

.

& IL-plene and H-plane primary patterns for the surface wave cone structures fed by
te clrculer polarizatior horn. The frequency of operation for these measure-

mints was 1.5 Ge, the slant length of the cone structures in both cases was 8

nd included angles of 135 degrees for the H-plane pattern and 110
degrees for the E-plane pattern. The H-plane pattern shown in the figure is
Téasinably flat across the region of the secordary aperture and has reasonably rapid
liumiration teper towards the aperture edge. The -10 db beamwidth for this pattern
-5 atout 120 degrees comparing quite favorably with the desired 124 degree beam
Tequirement. The ZE-plane pattern dces not attain quite the illumination taper at
the';;ertufc edge of the d-plane plot but is quite uniform in response across the
SECOLLLry cperiure extent. The beamwidih obtained for thié E-plane pattern

measured at tae -10 db points was founa to be 127 degrees consistent with the
fieblare H-planc teamwidih of 124 degrees. Both beamwidths compared quite

Tevorably with ule lesived 124 degree secondary aperture include d angle. These
TEUTLNNS eppear guile s tisfactory as primary feed patterns and indicate the
Sewslliility o considerable improvement in both aperture efficiency and in minimizing

Y

ihe spill-cver and minor lobe energy levels. The minor-lobe energy level for both
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of thcse feed systems appears U0 be a reasonably small value. The reasonably
rao2d tapcr toward the apgrture edge for both primary patterns'i.e. in the
ion of + or - 62 degrees, should minimize the spillover energy which is one of
the principal causes of the ground temperature degration of an antenna system.
It therelore appears that distortion of the cone surface into an electrical cone
Laving a maximum flare of 135 degrees in one plane and a minimum flare of about
110 degrees in the perpendicular plane provides a simple, constant beamwidth surface
wave fced for linear polarization that appears to be quite satisfactory for a
large number of applications.

%.3.4 Civcular Polarization Fluted Feed

The desirability of the surface wave cone feed structure has been demonstrated
ard has Ddeen shown to be a practical solution to the feed shaping requirement for
iinear polarication. A solution is required for the circular polarization case
in which a cone of possibly complex configuration might be employed which has one
Ilere angie or eguivalent surface for tangential polarization and another equivalent
surlace of smaller flare angle for perpendicular polarization., It is also desired
tnat the energy for each polarization condition should not couple with the surface
Ior the ortacgonal polarization. A novel approach has been devised to satisfy
waese reguirements and consists of an arrangement of vertical conducting fins
viacea on the surface of the cone structure. The fins are placed in such a manner
aboat the surface of the cone so that the interfin distances are less than half the

Wave ~enginl of tae maximum frequency of feed operation. The fins are also tapered
rcia the ouver ¢dze of the cone to the center illuminating feed system. The taper
Tals correcponcs 1o an angle satisfying in the included angle requirement for the

desired feed Leamwidth in the perpendicular polarizationvoése. The metallic plate
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Figure L-33. Fluted Feed Surface Wave Cone Structure
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cone siructure has an included angle COrresponding to the required beamwidth

surlaca wave cone for the tangential polarization condition. For this physical
configuration the vertical fin sistem appears as a parallel plate multiple wave-
uics structure operating in the TEO1 mode to an electric field normal to the sur-
face of the wide angle cone. A condition exists in this region of a wavegﬁide below
cutelT in that the separation has been specified as less than half of a wavelength
&% lne maxirum frequency of operation. For this condition the perpendicular polar-
izavion enorgy will propagate along the reactive surface formed along the top edges
of the tapered metallic fins. The metallic fins have an almost unnoticeable effect
uoon an eleciric field tangential to the wide angle cone surface. Therefore,
tangenilally polarized energy will propagate along the boundary determined by the
wide angle cone surface. The fin configuration thus aff;rds a technique for
incdependently determining the energy trapping surface boundaries for parallel and
perpencicular polarization components of the field energy.

Tiat plate surface wave structures were then fabricated with tapered metallic

ius in order to determine the desired fin taper and fin extent. These results

B '9)

were in surprisingly good agreement with theory indicating that the reactive surface
formed Ty the tapered fin System behaved essentially as a solid metallic cone
described by the top edges of the fin.structure.

- surlacs wave cone structure employing the wedge shaped fin elements was
cezlgaed and fabricated and is shown in Figure 4-33 . Due to the channelled
aﬁpearance ol the lapered vertical plates employed in the circular polarization

surface wave cone structure, and to the length of any reasonably descriptive title

Lor the feed, the Cevice has been termed the fluted feed.
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Primary patterns for the fluted feed are presented in Figure 4-3l. .

*

It was necessary to compromise somewhat between the E and H-plane patterns in

<7}
@
o]

ecting an optimal protrusion depth for the circular polarization illuminating horn,
Trerefore, ihe optimal independent patterns were not attainea in combinatioﬁ from
the fluted feed. However, the form of the H-plane pattern shown in the.figure
irdicates the response of the antenna to tangential polarization and the beamwidth

cetalned of llﬁo'appeared satisfactory. The E-plane pattern shown in the figure

" correspords to the perpendicular polarization condition and the beamwidth at -10

db polats for this pattern is 122°, The genefal form of both of the primary
patterns Ior tnis leed appear very good; the primary distribution of energy is
reasonatly flat, the pattern taper towards the aperture edge is reasonably high and
tha‘minor—lobe energy distribution is small, especially in the case for tangential
solarization. |
The measured performance characteristics of the fluted feed surface wave structure

nalcated that a considerable improvement in aperture efficiency antenna gain and
r.nor-lobe energy level should be attainatle by the fluted feed system over con-
verstlonal feed systems. To investigate those advantages of the .fluted feed,
gccondary patterns were taken for the fluted feed structure mounted in a paraboloidal
reSlsctor. The seconcdary aperture utilized was an 85 inch paraboloidal surface of

revoiuticn with an £/D ratio of 0.L2 simulating the RS foot paraboloidals in use

Ty UASL aviseveral locations. Figures u-35 and 4-36 illustrate the E and H- plane
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veflscvor. It is interesting to note that the average back-lobe level in the region -
grcaver than 30° removed from the main beam is in the order of mirmus three

Cecicels relative ic the isotropic level for both of the patterns. This corresponds
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o

o & ground radiation contribution to the antenna effective noise temperature of

agnroiimately 6OOjelvin, which 1s a considerable degradation in antenna low noise
Jes-oriirece due to this single factor. The secondary patterns taken for the 85

aravoloical reflecuor were 60 do patterns in order to perform an adequate

evaldation ol the noise contributions duc to the minor-lobe response, The E and

{

H-plene secondary patterns for the fluted feed illuminating the paraboloidal
rellector are presented in Figures [-37and L-38 . An improvement in galn as
niicipated, was measured for these patterns indicating a definite improvement

in vhe areriure efficlency. As can be noted on the secondary patterns, the

-

¢ Lacilobe level was found to be approximately 12 db below isotropic level,
nearly an order cof magnitude better than the performance obtained by the con-
veniional norn illumination, The fluted feed system average minor lobe level
coxrrisponds to an effective antenna noise temperature contribution due to ground

radiation of about 8° Xelvin. Figure -39 presents the E and H-plane primary
irabosoical reflector for which the presented conventional horn illumination secondary
palilars were covained., Figuré i-3}; shows the E and H-plane primary patterns ob-

t..ned Ior the Iluted feed system utilized with the 85" paraboloidal reflector. The
Sluted feed structure has obtained a rather startling performance advantage'over a

ccrvenvicnal horn Jeed in two important respects. First, the measured gain

imiroveners Jor vhe fluted feed structure of about ane db over a conventional cir-
Lusnr polorizatlon horn Lllumination indicates a significant increase in aperture

er.Llilengy for tne fluted feed, The fluted feed aperture efficiency appears to be

3
1

iy 70 percent cver the frequency of about 8.0 to 12.5 Gec which may be

£
8
[
y:
C.
X
1
<t
o

Couarel with & conventlonal horn efficiency of about 55 percent., Second, and

-161-
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related tul undoubtedly more signifiicant is the extreme improvement noted in the
rinor-love energy level attained by use of the fluted feed. The improvement in
calculated antenra effective nolse contribution from the ground region is based

or. the measured minor lobe levels in the region including the ground and assumes
ez ecuivalent black bedy radiation temperature for the ground of 210° Kelvin
\irncluding an emissivity correction equal to .83). For these reasonably valid, or
romiral conditions, we realize an improvement in the antenna noise temperature con-
triuticn Irom ground radiation by use of the fluted feed of nine db, or nearly an
crder of magnitude cover conventional horn illumination.

~ne Zluted feed also appears amenable to monopulse operation. A typical way
in wilch his may be implemented is illustrated in Figure L-40. It was not

o fazbricate an additional fluted feed structure in order to investigate

cxlsviag large paraboioidal reflectors in improving to some extent the gain
craracteristlcs of the'antennas and improving considerably the low noise character-
istics of tne system.

The advantages of the fluted feed surface wave amtenna in low noise antenna
systems might be reviewed. An antenna feed was desired with which nearly uniform
iilumination could be obtained across the secondary aperture with very little spill-
cver and relatively low minor-lobe energy. Also, it was desired that the energy
denSivy at the éecondary aperture edge be reasonably small which requires a rapid
Zliuninavion teper of the primary illumination at the aperture edge. It was also

desired to utilize this feed in circular polarization feed systems which required

165~



Monopulse Fluted Feed Configuration.

Figure 4-40.
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tzat the E and H-plare patterns be of equal beamwlidth. It was also hoped that a

1
3]
g
§
}.J
0.
&

e evolved which could be amenable to use with present paraboloidal

:nna systems, The fluted feed accomplished all of these requirements. Indeed,

i}

{ie principel requirements placed upon the desired feed structure are found to be
is main advantages. These advantages may be listed as follows.
(1) Nearly uniform reflector illumination.
(2}  No spillover at reflector edges.
(3) E and H-plane patterns with equal beamwidths.
. (L) Corplete polarization flexibility. '
(5) Negligible aperture blocking in high gain applications.
(6) Improved performance by retrofit of existing paraboloids.
in summary, a& comparative performance'evaluation of the fluted feed structure

with & conventional horn feed indicates an appreciable improvement in the aperture

o8
[
b1,
}l
O
b
@
O
<
(o]
-,
ck
9}
[¢)]
%

rtenna system with a resulting gain increase and an order of

magniluce Improvement in thne antenna noise temperature performance characteristics
- -

Sl o owlenents with the primary feeds, it appears desirable to determine the °
- nive.z o the irnfluences on the far field pattern caused by the physical extent

~

C. tic primary reed suructure. The aperture blocking effect 1s the principal
lzgated. This effect generally results in a degradation of the side
t3ent in the secondary response of the antenna.

in oraer vo devermine rigorousiy the perturbation in the secondary field due

¢ Lperiure toocking it is necessary to evaluate the far field response resulting
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5?0ﬁ a modiried figld configuration near the secondary surface. The modified
fleld confizuration is caused by the combined scattering, absorbtion, re-radiation
ard raileciion of the primary structure. This influence may be approximated for
analysis as an additional source of field energy which replaces the prdmary feed
structure appearing in this region as a cancellation field; i.e., a field des-
Sribed In the reglon of influence bty field compunents of the same amplitude but of
oprosize pﬁase relation to the original field existing in the region.

Fertunaiely, it is not recessary to set up or solve the boundary value
grobler invelved since a reasonatly accurate approximation procedure exists}/.
di;vﬁrg/ &nd otnhers lave also investigated the problem from the fundamental
corcilevations and may be referred to for a justification of the cited approximation
procedure. reed bplocking in general {ncreases the minor-lobe level, decreases the
sain &nd sharpens somewhat the main beam. The latter two effects are regligible
2or mosu pracvical cases, but the increase in minor-lobe level is significant. A
c.0se approximailon to the lobe level ottaired with feed horn blocking may be

ctreired by first calculating the Jar field pattern from a knowledge of the primary
feed characteristics ard the resulting aperture illumination, neglecting the feed
clotking oIlects. Tals establishes the normalized minor-lobe level without feed
rora tlocxing. The normalized value for the minor-lobes including the effects of

rn tlociing wmay be obvained by adding to the minor-lobe level previously

cbrained & verm equal to twice the ratio of the feed horn area to the total aperture

1. X. L. Mautingly, "Radar Antennas", Chapter 25 in "Antenna Engineering Handbook!
E+Y > ) g g
edived by H. Jasik, McGraw-Hill Book Co., N. Y., 1961, p. 25-3.

€. 8. Silver, Mficrcwave Antenna Theory and Design," McGraw-Hill Book Co.,
:‘:» :':'o, ppo 190"1920
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Sl i Ze VAy te expressad as B
P‘b = PO "'2.“‘.'*3/}1.0

P, .(dv) = 10 log (P, +2Ab/A°)

vwoere P, is tre minor-lobe power level neglecting feed blocking, Ay 18 the
ellective area of the feed blocking, Ay is the effective area of the total
secondary apervure, &nd Pp, 1s the resulting minor-lobe power level including the
¢ilects of Ieed olocking. Py (db) is the same as Py but is expressed in decibels.
Tnis nuy also be written in terms of the diameters involved in the case of
civeular cywmmetry for boln feed and aperture as: R

-~ A'/-- - \2
*Pb (dz) = 10 log 10 [Po +2(Df/Da) ]

+

vwoere D. 15 tne fceed diamcior and D, 1s the aperture diameter.

3

Tigare L-l1is a plos o the degradation of the principal minor-lobe level as a
Sa.ociion of primary feed coxtent normaiized in terms of feed and aperture diameters

cigres.ed in terns of wavelength. The plot assumes a uniformly i1lluminated aperture.

ae canmplos ziven ere for an 85 feoot reflector operating at 4 Gec and 2 Ge and
inllicate degracsilion levels of approximately 0.1 db and 0.5 db for an effective
dolisry feed diameter of about 10 wevelengths., This degradation does not appear to

.ngz factor on thne use of reasonably large surface wave

Loesture Qlametoers e the apervure diameter in feet for selected frequencies
ceuwesn one arnd ten Ge. Che plots assumea primary feed extent of ten wavelengths.
LLde Jigure mey pe used to det termine the Df/DD ratiofor use with the previous figure

Toom o une entenne apariure size and frequency of operation,
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H.5.6 TraZuat’cn of Taechnique

mroleymonu of surlace wave structures to obtain a composite polarization in- .
sersizive voinary reed system or as single surface elements arranged in an

ellipziiocl fushion for linear polarization illumination, provides a very powerful

Lechnicue Jor Ceed chaping of the primary energy distribution. The evolution of
The fluled fced struciure for use in circular polarization feed systems from the

~inias potariztiion surface wave criteria is felt to be a significant contribution

3
.
M
J
1}
v

to Low roioe Jeed systegs. The device generally meets all of the requirements for
Jeed gloping placed upon it initially and appears to have additional potential
limileq only oy tre feed aperture considerations.
v I3 telieved that one of the mosu significant achlievements during the Low
% nas been tne cdevelopment of the low noise high efficiency
Jae:d Ioed surucvure.  Tecnniques waich have been used in the fluted feed design
“oa in the other material preserted in this report are certainly amerable to use
withociaer Iecd confisurations. appilication of certain of these principles should
crLilé Low nolse nocilicaticns te De performed on many existing antenna systems

Lnd sneula inluence the design and system operating capabilities of future

et AT A LA e - Ry
Petal0LCLAaL. Yelaelior antenna systens.
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V CASSEGRAINIAN SYSTEMS

.. Casserrainian Systzm Approaches

Ti.o Cessegrainian approach to the low noise antenna problem has certain inherent

ndvantasss and nas gained considerable acceptance for use in low noise receiving sys-
T.rL. L€ conventional Cassegrainian configuration utilizing a hyperboloidal sub-

rzllocior znd a paraboloidal reflector has been treated extensively in the literature
znd 10 is rot the intznt of the study to re-evaluate the conventional Cassegrainian
srotens waich wre presently in use., However, it was considered desirable to obtain

& Y.ooonau.le cslimate of the principal advantages and disadvantages of Cassegrainian
Systens, oo iimitations cf the tecnnique, and to investigate any particular feature
nlen appearec 1o offer promise for the improvement of Cassegrainian antenna perfor-

[+ was also desired to evaluate a Cassegrainian sectoral horn-reflector sys-

- -
T e s

p
()

torn wihlch had Loen discussed in the early part of the program,

Tne ciornilicant advantage of the Cassegrainian configuration is the relocation
¢ ihe cpilliver erergy associated with the primary feed illumination from the rela-
n ¢cifsciive noise temperature ground region into the relatively low noise
Sy ro-lvn.  The principal disaavantages of the Cassegrainian antenna appear o be
The Golreuaiica in eperwure efficierncy due to the difficulty in providing proper
TLowanation o the hyperboloidal sub-reflector, the increased phase error losses
aosocLaved wilh a dual reflector configuration, and aperture biocking by the sub-
:vile;tcf. The convex_configuration of the nyperboloidal sub-reflector used with

conveniional Cucsegrainian antennaq)results in a divergence of the primary energy

CVEr VLS SSCORUATY apoliure, v is therelore necessary to illuminate the relatively
sme Ll Suu-rellecior willh an energy distridbution similar to that desired at the secordary

carface bat oL usualiy smaller angular extent., These considerations usually dictate

o Largzir orimartt fead aperture resulting in general in a-more complex feed requirement
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than necesseary Jor the same illumination of a conventional horn-reflector system.

Cada

x

A Lerge primary Jeed aperture is often not readily obtainable and pfimary feeds

ave employed which generally result in high levels of forward spill-over energy
past the hyperbcloidal sub-reflector and high values of current density at the
eages of the secondary reflector. An unusual geometry for the Cassegrainian system
w.lch cppearc to overcome certain of the disadvantages inherent in the conventional

&3sejrainian configuration is the use of an ellipsoidal sub-reflector as the feed

«

ey

ocucing eicrent for the secondary dish. This technique is discussed, and primary
patzerrn. for tne ellipsoidal sub-reflector configuration are presented.

Sore quite swprising and very encouraging results were obtained in the
irvestization of the (assegrainian sectoral horn - reflector system designated the

YOX entenra. This antenna utilizes many of the desirable features of the sectoral

ram and comrmornly referred to as the "sugar scoop" antenna., The KSK
catenra utilizes a Cassegrainian approach to avoid most of the inherent mechanical
;-uguf'<¢’bes of the "sugar scoop" antenna and appears possibly to have developed

iy an anterna configuration which operationally may be considered at present the

enate~ci-the~-art In low roise anuen“a designs.

g e Rl ICHURRSURCRUE SR L 4 -~ oz P
5.2 ID.livs:iicel 2ub-Reflectcor Corliguration

5 7 Davr Marsadp~ Dand - s
5.2.1 Rev Tracing Feed Shave Determiraticn.

The principle of operation of the Cassegrainian antenna as conventionally
erpliyed Ls o inmage the focus of the paraboloidal secondary surface to a point near
ihe conter of tne sccondary surlace by means of a sub-reflector providihg the appro-
priave rellecuing surlace for the incident energy. Hyperboloidal reflectors are

conventicnally uscd, however, an ellipsoidal reflector is equally satisfactory.



Lol haping veciiiicues, fur illuminating the sub-reflector,

nioorboscical sub-refleciors are necessary if the sub-reflector is to be located

Lovitien tne Jocus of the paraboloidal surface and the surface itseif; ellipsoidal
cuwr-relliectors are nacessary if the sub-reflector is to be located at a distance
Jrein tie cenuer of the surflace greater than the focal length of the surface,

The Zocii of ths @ilipsoid are then arranged such that the far focus for the
ipsoid corresponds to the phase center of the primary feed and the near focus

¢1lipsoid is set as tae common focus of the paraboloidal surface and the

O
¢

v
£
@

¢.iipscid, as illustrated in figure 5-1 . It should be noted in the figure that

&z In the c.ce ol a hyperboloidal sub-reflector there is a diverging effect caused
oy wae elllipeoidal sub-reflector of the energy from the primary feed after reflec-
wion, Tals 1s to say that the angle © in the figure relating the ray path leading
Sutin sus-reliotwr surlace Lo uhe paraboloidal surface is greater than the angle of
l.cidiice of the same onergy measured as angle a , indicating the ray path from the
PisiS Cenlelr oI The primary feed to the sub-reflector surface, The desired coh-

-~ - [ ~
v 42 - D mea aem

Toowrusicn Jor an ellipsoidal Cassegrainian system may be easily determined to
a {icey codor cpzroximation by utilizing simple ray tracing techniques. In this

mLAner e gfursical extant of the sub-reflector and the location of the focii for the

<

SLieCTia 2llincoidal surface ray be determined in conjunction with the paraboloidal

gwrlace chultacicristics. As shown in the figurg it appears desirable to use a wave-

-~

Uelds Jood protruding tarcuza the sscondary surface and well into the region of the

§-imiiVival sUD-rellcctor. This arrangerent minimizes the required primary aperture
woelild Do convenivional horn illumination and allows some flexibility in primary

-~ & '..! : 2
S.C Seriral Llivminction Cheracteristics

~..¢ Cassegrainian system has found considerable use in the recent years
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in awide vericty of radar and microwave antennas, Conventional Cassegrainian
croennas sic in use waich have beamwidihs ranging from about 2° down to small

fracvicns ¢l & cegree. The Cassegrain principal utilizing double reflector illum-

1
[
ct
b
O
03
o]
™
¢
(g

rtainly assisus in removal ol the spill-over energy from the region behind
e Tel.gcior and places the spill-over which does occur in the vicinity of the point-
irg alrecuion.,  Thls is advantageous at high frequencies in optimizing low noise per-

feroelice, Lince e sy noise temperature is considerably less than the ground noise

terelavire.  a Cassegrainian arrangement also appears to be generally compatible
Wil e cornventional paraboloidal reflectors such as the many NASA facdlities of

I order ¢ evaluave the ellipsoidal sub-reflector, characteristics in a typical

Cosooprainian aatenna systvem, a metallic plate ellipsoidal cylinder sub~reflector

- . - ~

was fabrilaizd Ifor use with a line source feed, A slotted waveguide line source
ILeld wuo w.S0 Iooricaved and placed at the focus of the ellipsoidal sub-reflector.
7. sui-reflecior anc line source feed are showﬁ in Figures 5-2 and 5-3 . This
Tetricated to evaluate primary patterns for the ellipsoidal sub-reflector

LO%0UC poooluly eviluate far field patterns in utilizing this system with the para-

Coiokdal cyilader fabricated earlier in the program. An ellipsoid of revolution

N P,
e e SO N V)

I plaster wiivh a curface o conducting silver paint was completed and .

- o

Slarmed Jonowoo wiva the £5 inch paraboloidal reflector utilized with other feed

Sy el o Tleld zoviera measurements., Primary patterns were also obtained for the

Caeilltlidul oo UIndor suu-vellector U ing a circular polarization horn similar
TOoThlu descaiTod proevicusly. Tigure 5-L is a typical pattern for the general illumi-
SaTion chiricterisuics cvvalned for the ellipsoidal cylinder sub-reflector employing

T puLLllation féad. The conditions for this particular primary pattern are

o v ey .
G e wa e ba
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Fi-u'e 5-2. Eilipsoidal Sub-lcilector For Use With Cassegrain Antenna
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L. paosisrn Is lor an H-plane measurement.

S e e T e 4% 4
—rd vadleu weal

vo a Zairly low spili-over level in the region extending from its beamwidth edge at

-

- - . (o]
¢l (e srirmary illumination is 101

il ,rariew . sean paviern in itself.

Ll - -— . .2 -~ . .
2.2.53 Iicovssion of Tecani

nrimary illweination is

beyond 90°,

¢ w3vel ¢l tae main gortion of the primary illumination.,

ot e Ireguency of operation was 10.0 Ge, vertical polarization was used, and

This technique appears to have merit

reasonably uniform over its extent and decreases

The average sidedobe energy due to

trineary pallern In this region is seen to be greater than 20 db 'below the aver-

The measured beamwidth

the -10 db response points, but this is con-

c: ory since the illuminating circular polarization horn had a reason-

~icre 1s believed to be considerable merit in the use of an ellipsoidal

wuo-rerlector o5 uhe primary pattern forming focusing surface in Casgsgegrainian con-

Tivralicnc.  Primary patterns taken for a

typical ellipsoidal sub~reflector illumi-

VLU & cdircular polarization hern indicate reasonably constant primary illumi-

acticn periirns over the sgurface of the secondary aperture,and in.general indicate

>

- R . ~ v P R | 2 - <
G rasle promicing Teed technique,

e oata T PR - <
Loprcacn vo sinimizing the

ffect of gr

It might be noted that modification of existing
«a2e Gaténnas oy meens of an optimal Cassegrainian spb-reflector appears to a feasible

und radiation contributions to the antenna

nolee Tarmpzerature and thereby improving the sensitivity of mary present antenna

<o - Dl - -
~asva..aviens,

L..2 I8 anterna ls vasically a Cassegrainian sectoral horn type of reflector

oiiwral recegnition as one of the leading low noise antenna systems available.

S0 -2 Wil 13 an cdapiation of the sectoral horn-reflector antenna which has achieved

twrel hern aniinna, commonly referred to as a "sugar scoop! antenna, of reasonably

-181-
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‘ _ero: oceriure siuve (about 16C0 square fest) was recently employed operationally

L, uas I Ll Tcolepaore Laboratories in their Telstar communication satellite program.

ntenra presently being used in the Telstar system suffers

*
pe)
W
L7
)]
o
ct+
(¢}
'
]
¥

*

S
o)
t
03
[¢V]

Jocnm thoee Lesic protlems. First, a relatively high diffraction lobe of approximately
30 &b associated with energy Irom the reflector aperture exists,which appears to be’
diziurved Uy the presence of the large ring gear near tﬁe aperture., The exact cause
ol thls lobe is dirficult to precdict. It is quite possible that some type of mode
corsiguration within the horn is responsible. Previous experience has indicated
¢oitoclies can e piaced in the vicinity of a collirating beam withou£
(ruasticaerly ellecting the beam. However, the accepted explanation is that of diffrac-
Yorn pact the ring gear. Arother problem associated with the existing antenna is that
o asgymetrical amplitude distribution across the aperture in the plane containing
L& apex ol the scctoral horn. This is a basic problem since it arises out of the
geueniiyy of the horn itself. This assymetrical distribution results in relatively.
1 sice-lctes close in to the main beam. Values of the order of 15 db are common.
It s difficuit to imagire any design techniques capable of eliminating this problem.
-2 <ne considers that this pariicular antenna has been studied at the Bell Telephone
Ziioratirics since 19&8, and il one realizes the capability existing at that Insti-
Luiion, i;_is Zoubtiul that any solution exiéts.

anctner probiEﬂ associated with ihe sectoral horn-reflector antenna is that of
cxceesive size -compared o its effective aperture. The shielded aperture offers

cre . toalvaniaze Jer veducing back-lobe radiation but in this instance it is achieved

)

Coly Ly weing a configuration with maxirum dimensions greater than twice the aperture

G.ioroion. -Such a structure presents structural problems and windloading problems.

so & TESULT, it must be housed in a radome and the radome itselt must be relatively
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lare corpared to the available effective aperture. The existence of the radome

1roaduess noisc into the communication system so that a very excellent antenna

Tizure 5-5  illustrates the principle of operation of the Cassegrainian sectoral
nora-reliecior often referred to as the KSK antenna after the innovator of the techniqus.
Tl.e uce ¢f surilce S2 as the hyperboloidal sub-reflector imaging the paraboloidal sur-
Zsce focel point back to the feed point along the surface Sl is the basic innovation
wnich cerverts trne sectorzl horn-reflector horn system to the Cassegrainian mode of
raticn. .. Iront inree-quarter view of this system is shown in Figure 5-6 . Figure

.- N

5-7 illustra.es toth the KSK antenna and the BTL sectoral horn antenna to an equi-

The Coszecsrainian adapiation of the sectoral horn-reflector system which has
been invesiiscied during the program represents a significant improvement in many
seepects over iae BTL sectoral horn. A simple analysis shows the areas of improvement.
:tse.l as illustrated permits a more conventional antenna
LLnoort siructire allowing removal of the ring gear presently used in the sectaml horn,
resnco a0 ooet.o.e exists near the aperture. The KSK horn utilizes two reflecting
surfaces 5o inat an infinite selection of surface pairs are available which may be
enployed to achieve ithe collimated beam. One is therefore not necessarily restricted
1¢ ithe peraboloidal geomeiry but is free to choose from any number of surface pairs.
Tre opliium pair would be thﬁt whicn provides symmetrical illumination in the plane
wacre ing sgecicral horn is plagued with assymmetry. The development of such an

e il

L}
cpvinam pair ol ocurfaces requires a great deal of effort. However, a quite valid

conmorisen ol tLis technigue with the sectoral horn-reflector configuration may be

- .

vabe Ly uiilizing the conventional paraboloidal and hyperboloidal surfaces in a

~183-
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conliguration such as that illustrated as the KSK antenna.

Tne use ol tne Cassegrainian approach in rmodifying the sectoral horn drastically
reauces the norn size. It is possible to achieve configurations in which the maximum
dimensicon of itnis anlerna closely approximates the radiating aperture dimensions,
Tn..s singie factor provides an impetus for detailed investigations of this new low
nelise antverna., I it were possible 1o obtain a more compact structure, one might
rcacily eliminate the radome with its increased noise and could conceivably obtain

an antenna aystem where cost closely approximates that of the conventional 85 foot

lector antennras.

5.3.1 Gecreirical Ootics Design

Figure 5-8 illustrates the general principle involved in the KSK
artenna. Surface S1 1s a parabolic paraboloidal surface, surface S2 is a hyperboloidal
surface, and the sides of the structure are flat plates forming a sectoral horn.
Ajooc.iaing the XSK antenna from the standpoint of geometrical optics, it may be seen
et Uppicel ccllimated rays entering the aperture from above are reflected by the

rasaccolacl swrface towards its focal point. Prior to reaching the focal point for

toie perzioloidal surface, ihe rays are re’lected from a hyperboloidal surface and
L]

~

JecuLad av polnt Pl urlace S2 provides the iransiorming surface necessary to

'
[
)
47
’
a

2ecei0icdar focus av the cesired feed point, point Pl. The primary feed

1z tnon zlaced wnun its phace center at point Pl and with an illumination function
Jor ULl nypesrso.olidail face as desired.
5.2.2 Mool Rabrication

Febricatlion of a modal of the Cassegrainian sectoral horn reflector,
.o D% anvorns, wiilizing a hyperboloid of revolution as a sub-reflector and an
inclired pareboloidal surface as a seconddry surface was completed during the program.

o

Flgures 5-8 and 5-% illustrate the design geometry for this model.

.
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isuve 5-10 illustrates the completed operating test model of the KSK antenna.

K

Qe nypertolold of revolution was formed as a swept surface in a plaster mold.

3

e paraboloidal secticn was iritially formed as a swept surface4in a plaster moid,

, énd Loter transferred to a fiberglaés selectron impregnated matte which was attached
firnly o rib sections to'insu:e structural rigidity of this éurface.' Final corrections
were made on both th hyperbéloidal and paraboloidal surfaées by means of.reasonably
accurate guicded templates‘férming fiﬁiahed plaster surfaces. The surface was further
smuolheq ©y means of sanding and appiibation of soft finishing plastic putty which
erabled rcasonable surface tolerances to be maintained.  The exposed face; of both
suriaces were then given several coats of conductive silver paint. A plywéod housing
‘Was constructed for the surfaces as shown in theAfigure which incorporaﬁed means for
acjusting both surfaces-to the required orientation. Metallic side plates were not
inccrperated intc the model structure, hence the a?imuth plane patterns were expected
10 te sossidly degraded somewhat. The estimateéd surface tolerance to which the model

wrlaces were held is approximately élus or mimis one eighth of an inch. This value
Corresponds 1o alcut an eighth of‘a wavelergth error at the maximm test frequency.
<aivial aligument of ihe KSK antenra was reasonably straight forward. The sur-
aSes were genaerally aclusted for maximum received siénal level from a medium power
wraasaitiing scurce locatad some @istance away. Alignment of the original surfaces
was accorplished by minor correcticns appiied to the measured geometric design con-
fizuraticn, Final focusing was accomplished by feed horn placement in the aperture.
This operaiion was simplified by the fact that the feed was oriented along the hyper-
boligldal axis and it was possible to #djust the placement of the feed along this axis
ﬁo & réasonavle exveat, The designed beamwidth for the primary illumination required

-

Ly a eirewlar polarization horn at the feed point was set as approximately 80 degrees.,
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Figwre 5-11 1llustrates both £ and H-plane pattetns’ for the circular polarization

.

horn wiilized with the antenna. The aperture dimensions of the KSK antenna model
are approximately 26 inches square. However, due to the surface of revolution con-

struction of the hyperboloidal structure, certain portions of the paraboloid were

- not uvilized decreasing the usable aperture by about 10 percent to a value of approxi-

~mately 600 scuare inches.

5.3.3 Experimental Measurements

.. The secondary patterns taken for the KSK antenna were measured at X-

band and recorded for a 60 db range of response. The patterns were taken by means

 of the uss of high power signal source located about 650 feet from the antenna under

recsurerint. The scurce signal was generated by a 10 watt traveling wave tube ampli-

‘IJier Jed Wy a conventional low powsr stable signal generator. A four .foot parabo-

loidal relleclor anvenna was employed at the source in order to provide a relatively
kign encrgy &ensity avai.lable at the antenna me;surement site. Pdwer levels of

Ihls intensiyy Ke*rareq.ziredm‘ofdar to evaluate the important minor-lobe behavior
ol tie aniennc recpense, 4An evaluation of the minimum distance at which the antenna

may ©e considered as in its far field, or Fraunhofer region, may be calculated from’

the familiar 1 = 232/11 criteria. The effective aperture dimension for the KSK

entenna may ve teken as epproximately 26 inches and for the X-band frequency range,
ardnsy ve assumed to be roughly one inch. For these conditions, the expression may

te evaluated as a distance of approximately 112 feet for a phase variation over the

' azerire gurlace of appronmately 1/20th of a wavelengih. The diatance employed of

520 fest is wall in the Fraunhofer region for the KSK antenna and hence the far field
reul i3 presentcd In tha secon atterns appear to be quite acceptable.
P P

Tas patisrn msasurements were made by means of a conventional bolometer detector
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T and a L0 o pat

& ireguency of 11.0

ern recorder. The 60 db patterns were obtained as composite
satterns fer vha same measﬁrement performed at sensitivity scales altered by 20 db.
The Tull sensitvivity of the recorder ampiifier was utilized t§bdﬁléin the LO db
castsrns containing the minor-lobe information. Employment of an accurate 20 db
atienuator in the lire allowed measurements to be performed for the top 20 db of
vatiern ihformation containing the main lobe and at times the first minor-lobes
Ior t:e antenna sysiem. An X-band stardard gain horn calibrated in the range of fre-
cuencies in which measuienents were cbtained was utilized in determining the measured
lsotropic ievel values “or the antenna measurements.

Mzasuremonts were initially taken for the KSK antenna for the frequency range
Trem 3.0 Lo 12,5 Ge. A final set of secondary pattern measurements were made for the
X5X anternna in all four patterrn aspecis for the frequency range from 10.0 gc to.
2.5 ge Fofrghé XSK operating model antenna test configuration illustrated pre-
viously, patierns were taken at every 0.5 Gc for both E and H-plane polarization
cornditlons and fcr both azimuith and elevation plane antenna operation.

A typical .

cet ¢f these resulis s included as Figures 5-12 through 5-15. This set is for
gc and presents rather complete information dn the performance
vecavior cf the XSK antenna.

5-1 illustrates the secondary response of the KSK ‘antenna at a
Jreguency of 11,0 Ge for vertical polarization and is shown as an H-plane pattern.
The measursé isotropic level was found to be 36.3 db below the maximum level of the
sain Zewa and is incdicated on the patiern. The minor-lobe energy is seen to taper
¢l sharply in vhe region of the main beam and to reach a value approximating 25 db
Celew isotropic in a rejion greater than 90 degrees separated from the center of the

SR
JOLTL C8all.

The average tack-lobe level was caloulated for this response patiern
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'o.‘q dzring the region exceeding 30° separation from the main beam and was found
in thic case to have an average value of 19 db below the isotropic level.

Trhe average minor-lobe level is importént since the noise temperature contri-
Lution Jrom the <rround radiation may be easily calculated to a first order approxi-
maticn Irom this average level. An average level of 20 db below isotropic corresponds
10 & noise iemperature contribution from the ground of 1.5 degrees-Kelvin. : The
effective ground rediation noise temperature contribution for these various values of
averszs minor-lobe level may be quite simply computed by referring to Figure 3-10
wnich iilustrates the relation between the average back-lobe enérgy level in the
nall spuce containi t‘me ground and the equivalent temperature. In most operating
positions of tke antenna the avefage minor-lobe level due to the lobes intercepting
4he goound nalf-space will be considerably less than the average minor-lobe level

D e cn;;*a;,patt.aéa &s .caleulated from the pattern response excluding only the

gclis angle containing the main beam and all side-lobes within 30° of the main beam. s
Fowiver, 10 Ue as conservalive as possible in rating the antenna performance from the
€. SIINELLak-FESuLYS - tt0 WOTEY case values are taken assuming that all of the minor-

R - —~ 2 &oa
~0ol QOEel oY all Ui

region grea ater than 30° from the main beam is considered as the
elerzy Leing averaged over the ground half-space. The actual improvement in the
crformance due to his approximation which may be realistically assumed from the
Zeciwury of the antenna configuration and the normal operating mode of the antenna
irdicwies an Lprevement of about four to ten db, and possibly more.

Tigwe 5-13 18 a secondary respcnse plot for the KSK antenna at the sams
opcrating Irequency ol 11.0 Oc, but is an E-Plane pattern taken for horizontal polari-

sevicn. Tals agimuih plane plot also demonstrates an extremely low minor-lobe. level

esneclially av osientations greater than 30 degrees removed from the main beam. The

~196-
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: calc:latég avarsge minor-lobe level:which is determined hy*meaauremsnts made from

“ the response p;&.m, rpears 46 be about 19 db below the isotropic: level.
levatlon plane pavtarns for the KSK antenna are shown in Figure 5-1l and

iraguency of 11,0 Ge. The former is an E-plane pattern for vertical

>

Ul
I
[

U

-
LR
[¢)
L
]

polari zation and the latter is an H-plane pattern for horizontal polarizatlon. These
savterns in general have characteristics similar to the azimuth pldne patterns of

:;p- i1y decreas n° minor-lobe energy, however, a spill-over lobe may be noted in

toun patterns at sdous +66°. This spill-over’energy is apparently due to the para- -
Scloidal surlface being a few inches too snort. It was found that this spill-over
1ote could be improved by 6 to 10 db by covering the forward part of the hyperboloidal
suwlaca., Thls irclcates that a ray path from the feed phase center incident on the
feruard suricce of the nyperboloid would not be intercepted or reflected by the para-

to.cidal suriacse, Conversely il appears thatv the hyperboloidal surface provides an

erJecvive refiecting region for an orientation somewhat removed from the main beam.

“iis deliciency should be easily corrected by extending the length 9f the paraboloidal
swlace., The averags miror-lobe level ror the EQplane pattern was found to be approxi-
L VELY 15 db telow isotropic level. The spiil-over iobe in the H-plane pattern is
mé:e‘pronounced and is believed to be caused by the wider H-plane beamwidth of the

srimary Teed employed. agZain it was noted that absorber material placed in the

Crward arca ol uas hyperboloidal surface decreased the spill-over ensergy consider=-

by

ooly withoub greonly e*‘eyt*ng the performance of the antenna in the other regilons.

(23}

or thise reascns 1V is believed that a minor design modification extending the para-

L
3 surf.ce would overccms most of the elevation plane spill-over effects.

o

soLoidal leadin
Pilgures 5-x6 anc 5-17 illustrates the operation of the KSK anienna at fre-

<@

guencles of 20.C g and 12.0 zc. These response patterns are shown for frequencies

-198-
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arproxirately 1 Ge azbove and below the previous patterns and are presented in both I

lans patierns for vertical polarlzation. It might be noted in these ==

O
M
[
[q]
&«
[\}}
G
"d

Dibterns that the average minor-lobe level was found to be 20 db or more below iso-
wropie level corresponding to a ground radiation noise temperature of approximately
one degree Xelvin or less.

5.3.4 Terlformance Corparisons

.

“he performance characteristics for the Cassegrainian adaptation of the
ssctorel Lorn-rellector system, the XSK antenna,.appeared to be outstanding. Using
toe porlornance criteria originally discussed of maintaining minor-lobe energy over
sacial exvent of the antenna response which intercepted the ground energy of

cevvsr tnan 10 db below the isotropic level, the KSK antenna is found to present a

jot
| 7]
[N
I
o
by
4
O
'—‘

¢ iuprovement over other antenna systems. : -

¢r an average ground radiation terperature of approximately 300°K the total

‘ glleciive antenna noise te;‘r.perature due to the ground radiation contribution for the
anienna regponse av isclropic level would be approximately 150°K, Taking into account

TLe SoRnd orissivity which mey reduce the equivalent black body radiating tempera-

wrs Zor whegoound region to a figure possibly as low as 120°K. It is apparent

T.eeU L WLy 16W noisc anvenna system should rmaintain side-lobe energy of better

VLen WO ww oc_u“,;ha lsciropic Llevel which would correspond to a ground radiation

Givlilnie o7 ulvaleny noise temperature contr ibution of approx1mateky 12°K. It might

<F'

e nellloned tha fe" aniénnas are capanie of maintaining this average minor-lobe
levil and Loeuce have considsrably higher noise temperature contributions from th
grouna radiation. In general, ornly Cassegrainian systems are competitive in this
PeineCv and for conventlonal Cassegrainian configurations the ground spill-over lobes

g

ars suppressed av tae expense of poor aperture efficiency, uith‘consequeﬁt reduction

i AN | | | | | 203~



in zain. However, the KSK antenra should provide good aperture efficiency, a - C -

- earreszonding relatively high gain, and average minor-lobe levels of approximately ==
15 to 2G ¢b telow isoiropic level.
“he ninor-lche structure characteristics of all of the presented KSK antenna

secencary patterns should move in somewhat closer to the main beam for an operabional

artenna. The average aperiure dimension in terms of wavelength for the model KSK -
antenna at the frequency range of interest is only approximately 25. However, for
&pervure dimensions cormparable to the aperture area of the present NASA 85 foot

parebeloidal antennas, i. e., for a XSK antenna of roughly 75 feet square aperture,

-
v

| the rarver cf wavelengths contained in the nominal aperture dimension would be in
1 e ‘ordcr ¢l 33 to 330, for ihe operating frequencies between LOO mcs and 4.1 Ge. | :
‘ <o & typlcal operating frequency, for example 1.7 Gc, a large KSK antenna might

corvain 130 wavalengths across ‘hhe”aperture. This indicates th;t the lobe structure,

‘ vhich muy T2 soen on the six presented XSX antenna patterns, which now decrease

. S
INZAN Ccam.

2 ary case, the degradation is reasonably fast for normal operating
400 me operation It appears that most of the.minor lobe

20 db below the isotropic level at approximately 30 o

L0 Wl C3 Tl .y Irom the main besaw. For a KSK antenna of somewhat smaller size '

|

—_— WRACL Y ciical cue'to tne improved aperture efficiency, resulting gain ‘
|

|

X nnt e

.l_“‘_,.uf:a:.nent,'" ani improved low noise performance, we might assume an antenna Fsize of
riroxiraialy that utilized in the present BTL Telstar c_;ozrmmnication satellite track-

ing anﬁema. This would indicate an aperture dimension of approximately LO feet - L
scucre., For the two higher ranges of NASA frequencies, at about 1.7 G¢ and l;,}. Ge,

.-

. -20L-




=

¢ the anverna would mainiain essentially all or its minor-lobe energy associated

72ih the main tear to ﬁithin an angular extent of approximately 20° from the main - =

=

. beam or less. OCperation at LOO mecs would have minor-lobe energy associated with

the ﬁain Eeam cpread out essenivially thrﬁughout the region within 90° of the main
best, The antenna therefore, would optimally perform at zenith and be degraded slightly
£cr elavailon angles departing slightly from the zenith, with increased ground radia-
ticn noise lemperaiure degradation occurring as the antenna‘is orientpd closer and
closes to whe horizem, in which case the higher level minor-lobe components would
interssct the ground, HoweVer, it is felt that the KSK antenna even for a consider-
ably more limited aperture dimension, and operating at about the lowest range in
viich it agpears feasible to operate from noise consideration,lthe KSK antenna
should improve ihe performance characteristics considerably over any known antenna
oI comparadle aperﬁure'dimensions. |

Ihe zain craracteristics for the KSK antenna were calculated from the aperture
corsiderations and also measured by means of a standard gain horn. A check on
these metncds was also performed by measuring the antenna pattern beamwidths and
culculaving the eguivalent gain for the antenna from the familiér expression re—v
iating the £ and H-plane beamwidths to the gain., The results of thesé measurements

~

end calculations are shown in Figure 5-18 , for the range of frequencies from 10 o

.

toAléjé Gec. .Tze three methodsAégreed Quite closely indicating both reasonably good
asaswrerants and fairly valid approximations for the antenna aperture area and the
privary feed systen illumination characteristies, which determine the aperture effi-

©aunSy. An aperiure efliclency of 55 percent was taken,since no special beam shaping

srovisions were included in the prirary feed. It is felt that the aperture efficiency

@1 T2 improvad sbove this level, probably to the 70 - 80 percent region by the use

-205-
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. uion is somewnau limited in that only the one polarization condition is included

hrigues.

. Qi It Coaace teaad uCC.. g

SooPerTirmanie comparison was mads of the KSX anterna with the besi information
- L

RY . . .
Ny v s tmean Dy e

Zcr the BTL sectoral horan-reflector system, or "sugar scoop" antenna, as

pulsrly <now. Most of the information available concerning the sectoral

&

+
ot
‘ 1,
| &

¢
(@]

norn~rellector syster radiation pattern in the léngitudinal plane and fqr longitudinal
polarizatlion described was obtained from a reﬁort by Crawford, Hogg and Hunt of the
Bell Telepione Laborateories in their NASA Technical Note (D-1131) for the project

TCHC HORN-REFIECTOR anterra for space cormunication. The extended radiation pattern
ir the lorgiiudinal plane for longitudinal polarization indicates two spill-over
lcbes, toth ¢ which are spproximately 6 to 13 db above the isotropic level. The

L7% sysiem described in this report has a spill-over lobe at approximately 70° of
gcout O ¢b aucve the isotropic level and a spill-over lobe at 3L2° i. e., about

13°% Zrom the main beam, of aboub 13 db above isotropic. It is also quite sur-

‘ orising to note that the average minor-lobe level in the region for which the antenna

ccopense pattern is avallable does rot appsar at any point to be greater than six
cr eizny &b below isotropic. The average level calculated by the same technique
in which the X3X antenna minor-lobe levels were calculated appears to be only 3

o 5 b below iscircpic. However, it should be mentioned that the pattern informa-

cnd pasicoris ave available in thiétbéléiization for only approximately LQ° intgnéw__
directicn and 110° in the other, relative to the main beam. The BTL aperture size
Jer thls antenna systenm was approximately 20 by 20 feet, the structure was about

5C fees in lengta and the weight was about 13 tons. The frequency of operation for
nis particular sysem was at 2.39 Ge. The aperture efficiency for the antenna was
cuile gocd, reaching a measured value of 76 percent. The KSK antenna‘from all per-

fomuance ovaluaticn, appears to maintain considerably lower minor-lobe levels than

B



the horn-rcflector antennas for which published data is available. This however,
is ro% concidered an inherent advantage of the KSK antenna; the conventional horn-

eawor antenna shouid perform in this respect equally as well. However, the

b
t

weehmical considerations usually involved in the fabrication and implementation of

ve

nern-rellector system 'appea.rs‘ ';o’ degrade the electrical performance to an extent.
The menticned difficulty concerning diffraction around the large ring gear in the
3TL Telster sysiem is an exampl

Trhe requirerernt for operation of the BTL sectoral horn-reflector antenna with
& radeiie in crder to avoid wind lecading is another serious problem. The most recent
infornatlion corcerning the radome indioates that radome noise temperature degradation
is approximately 15°K. This certainly presents a drastic limitation upon the noise
“ormance of the anternna system and appears to make the massive size and expense

~J\.4.A. CLOINGNC

ar sccop! type of horn—*ef;ector configuration questionable. The much
imgpreved 1ixeliincod and distinct possibility ofloperating the KSK antenna without
& raucme by mcans of designing the much smaller structure to meet the necessary

wind lozding is one of the pr;nczpal factors in favor of the Cassegrainian adapta-

tion ¢f the gcotoral horn-reflector.

5.3.5 Zvoluazion of Techrique

Tooig V—llﬁlsts the estirated total antenna noise tex peratures for e

Varicus lew ﬁoisé antenna systems. This information has been compiled from the
:est_source material avadilable in the form of either measured data, performance re-
g i:ter;reted from limited measured data, or verified values contained in the
ilteravare, The systems which have been considered are the conventional paraboloidal
reflocter wiin a fccal point feed, a Cassegrainian system employing a hyperboloidal

sud-rellecuor, a secvoral horn-reflector system, or "sugar scoop® antenna, and the
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FARABILEIDAL REFLLECTOR
wITH FOCAL PONY FiED
CAloICRAN . 3.8 9K 3.0 °K 3.0°K 2 9.8°K
EVPZAsI00AL BUS-REFLECTOR :
KO =RI7LISTOR ' 5.8°K . 2.8°K -—= || ~e%
"CLBAR ZCOOP" ANTINNA. '
KSK Al 3.5 1.8 % feme= HNBOK s
CABLECIAINIAN HORN =REFLECTOR
Table V-1.
_Estima‘ed Antenna Noise Temperatures o
For Various Low Noise Antenna Systems. T
. v\
& ! "\
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Cassegrainian sectoral horn-reflector, the KSK antenna.

The principal degrgding influence of paraboloidal reflectors witﬁ focal point
Coeds is the spill-over erergy which intercepts relatively high temperature ground
sadiavion, Table V-l shows a breakdown of the noise temperature contributions from
the various regions, and it can be noticed that the most significant contributions
ars Jrom the ground thermal radiation noise entering the antennas through the minor
icbes. A frequency of approximately 1,000 mcs was assumed for this table in order
vo place the antennas on a similar basis.

The sky noise contribution at this frequency is a combination of galactic noise

atmospuur¢c absorption losses and is taken as approximately 3,5°K for the point-
inz direction of the antennas, which in all cases was assumed to be at the Zenith.
The scaulering and absorption losses due to the feed supports are an additional im-
pertant contributing factor to the paraboloidal reflector system effective noise
temparature and may be considerably higher than the value which is presented. As,
Stalad eariler, these values include the best results obtainable, but it appears
vhat cerlain techniques are available for reducing the scattering and absorption
noise due o feed supports to the range which is shown, *1

The typical total equivalent antenna noise temperature for the paraboloidal

rellactor employing the focal point feed is seen to be approximately 35° Kelvin., The

-
oG
~e

t)

« Cassegrainian systems available utilizing a paraboloidal surface of revolution
wilh a hyperboloidal sub-reflector offer a considerable improvement in the low noise

perfornance for an equivalent aperture. The principal reason for this improvement

%
"
*

D. C. Hogg and R. A. Semplak, "Characteristics of a Prototype Near-Field
Ccssegrainian Antenna®, Memo for Record, Bell Telephone labs., INC.,
17 January, 1962,
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is the transfer of the main spill-over energy from the ground region into the

relavively quiet sky region.

Figure 5-19 illustfates:the qﬁite interesting fact that feed spill-over
cornsiderations may_often goverﬂ ﬁhe choice of antegna for operation at a parti-
cular frequency range of interest. The principal design criteria is the achieve-
ent of a maximal antenna gain to noise temperafure ratio. This infers that for
similar antennas, optimal performance may be achieved if the spill-over energy
is directed to the minimal noise distribution, whether this is toward the region
¢l the ground or the sky. Referring to thé figure it is apparent that the region '
o Cassegrainian advantage appears.to have an upper level bound due to atmospheric
acsorption effects and definitely has a lower bound at about 150 Mc, which may |
very from app;oximately 100 Mc to 500 Mc, Converssly, the regions defined by
inose bounds as the lower and ﬁppér bounds respectively are the regions in which
convenvional Ieed-reflector antennas have the operating advantage. This is simply
stating that in the frequency ranges above about 30 Gc and below 150 Mc the ground

terperature is less than the sky temperature; hence, the conventional feed-reflector

syslem advantage, and that from about 150 Mc to 35 Gc the sky temperature is less

v 1s significant to note that from spill-over considerations and neglecting the
increased probability of solar degradation through the minor lobes, the Cassegrainian
entenna sysiem has a rather clear operating advantage at all bands of operation ex-

. '
cept the lowest.

The Cassegrainian system discussed is one of an advanced type developed by

otter and Rusch of JPL *1, and has a total equivalent antenna noise temperature

RN - . - \
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ol approximately'9.5°K the cbmpOnents being broken down as shown in the table,

This Cassegrainian system is qulte good and -should be considered somewhat superior
to other Cassegrainian systems operatlonally available at this time. .

 The sectoral horn-reflector system or "sugar scoop" antenné has no'feed supports
and‘thereforé holds this-lbss'to zero. The minor-lobe noise due to contributions from
the ground radiation are taken Trom the best information quoted by BTL and is not for
the measured sectoral horn-reflector patterns; which appear generally somewhat worse
trhan the corresponding operational falues. .It appears that an effective antenna noise

temperature of about 6° Kelvin is attainable by the sectoral horn-reflector system.

'If it is realized that the limiting value beyond which no further improvement is

possible corresponds to the noise power density contained in the main beam of about

3.5° Xelvin, it is apparent that the "sugar scoop" horn-reflector system is an éx-
ceedirzly low noise antenna.

The XSK antenna, however, appears in certaln respects to out perform the sectoral
horn-reflector system. Measured values indicate that mlnor-lobe levels for the KSK
antenna are significantly below those of the sectoral horn-reflector system enabling
an improvement in the contribution to the antenna noise temperature from the ground
radiation. In all other favorable respects, the KSK antenna performance matches
the sectoral horn—feflector. But this factor allows an improved equivalent antenna
noise temperature by about a degree Kelvin, The KSK antenna, rated at about 50 Kelvin,
attains a low noise performance equivalent to less than 2° Kelvin. from the theoretical
rininen, |

Not included in the low noise antenna evaluation table, but a very significant

oontributing factor, is the equivalent antenna noise contribution due to the radome
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employed by BTL.

siruciure which has been previously estimated at approximately 19° Kelvin, However,
assuming operation without the radome, the most optimistic equivalent antenna noise
iemperature performance figires for the sectoral horn-reflector system are as shown
ir. the table.

The Cassegrainian sectoral horn-reflector system, the KSK antenna; from all in-
dications appears somewhat better in minor-lobe content and is indicated as such in
the table. It is therefore apparent that effective antenna noise temperatures ex-
clusive ol additional transmission line losses, receiver system noise, and certain
otherléactors not associated directly with antenna performance, of approximately 5°
are obtainable by means of either the Cassegrainian sectoral horn'configuration, de~
éignated the XSK antenna, or the sectoral horn-reflecﬁor "sugar scoop® antenna as

It is ﬁéifg¥sd‘fﬁét“théiéigﬂf?iéint operational advantage gained by the KSK
antenna design is in the gimplification of the antenna structure eliminating certain
ailfraciion and wind loading problems present in the considerably more massive seqtoral
nerr-rellector design. It is also important to recognize the feasibility of the KSK
Geslgn in possibly enabling oéeration of the antenna without a radome,

. XU appears that conventional Cassegrainian systems may attain a noise temperature
ol approximately 100K with a sacrifice in aperture efficiency and resulting gain loss.,
Conventional paraboloidal feed-reflector systems appear to be capable of attaining
¢peravion in the range of roise temperatures of 30 to 50° Kelvin utilizing conven-
vicnal feed systems. It should be pointed out that utilizing appropriate feed shaping
techaiques such as those investigated during this program, the effective antenna noise
terparature of paraboloidal reflector systems may be improved considerably with‘an

atiendant incrsased aperture efficiency and gain improvement.
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The Cassegrainian principal appears to offer considerable merit in low noise

Systezns, and application of this principle to the conventional sectoral horn-re-

‘flector antenna appears to provide a compact, mechanically simple antenna configura-

tion of outstanding electrical chai-acteriatica and minimal effective antennsa noise

tcrperature. The principal advantages 6f the KSK antenna are presented in Table

V-2 in summary form.

TABLE V-2

ADVANTAGES OF THE KSK ANTENNA.

Exceptionally low noise wi;c'h high effeciency.
Physically compact.

Mechanically simple.

Negiigible aéerture blécking.

May operate without radome.

Easily gdaptable to monopulse operation,

Economically practical,
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VI SUMMARY AND CONCLUSIONS

6.1 Design’Guides

The general backgroﬁhd information presented in this report provides Soth
considerable data and a comprehensive diqcussio; concerning the principal
factors influenéing the performance characteristics of low noise antenna systems,
Information has been presented reiatingjthe galactic and atmospheric noise con-

' ~tributibns as a fungfion of frequency, antenna pointing direction, and certain |
cther factors. The influence of aperture efficiencj, aperture energy distribution
and‘minor-loﬁe levels have been discussed and quantitatively evaluated. A
stréightforward technique has been derived apd presented for the evaluation of
antenna primary feed systems by a pattern integration method which should prove
a valuable tool in the design, development, and selection of low noise antenna
feeds.- A method for evaluating the performance of low noise anténna systems from
considerations concernirg their feed properties or from certain characteristics
of their measured secondary patterﬁs has also been presented. The influence upon
the to£a1 effective antenna noise temperature of the average minor-lobe levels has
been derived, discussed, and plotted. ‘

The 'evolution of practicable feed shaping techniques by several approaches
has been.presented. One very desirable surface wave beam shaping technique was
developed which offers many advantages and enables a considerable performance |
.improvemen§YOVer conventional horn feeds. This feed system appears to provide a
feasible meﬁns for improving significantly the antenna noise temperaturé
craracteristics of passive paraboloidal reflectors. The fluted feed surface
wave structure was fabricated and tested during the program and the experimental
information, as well as other design guides utilized, have been included to allow

;
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ﬁ@e design of similar feed structures to particular NASA requirements., The

d2sign approaches utilized in the development of the Cassegrainian adaptation of the
sectoral horn-reflector system have also been included with measured pattern data
ard other information concerning a particular design of this type which has been

evaluated,

6.2 Eglgy Accomplishments
| A sﬁmmary of the major accomplishments during the study program is presented
as Table VI-1, _

The two most important areas in which worfhwhile contributions were made are
telieved to be in the development of the high éfficiency low nolse fluted feed
surface wave structure and in the development of the Cassegrainian sectoral horn-
ref*ectO{ configuration, the KSK antenna,

<ne development of the fluted feed is significant in that it may be adapted

for use with existing paraboloidal reflectors, thereby improving their gain s

cnaracterisiics and decreasing considerably the antenna noise temperature. Adapt-
ations of the flted feed for malti-band use appear practical, in that the fluted
Jeed is inherently & wide band device. Monopulse configurations utilizing the flut;d
feed gegmetry also appear practical and certain suggested configurations for opera-
ti$n in this manner have been suggested.

The KSK antenna is & practical Cassegrainian adaptation of the sectoral
horn-reflector configuration and it has been experimentally verified to have
outsvanding electrical characteristics. The XSK antenna appears in nearly all
respects to out-perform in_low nolse and other characteristics all known antennas

¢ comparable aperture.
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3.

L.

TABIE VI-1

SUMMARY OF MAJOR ACCOMPLISHMENTS DURING PROGRAM

LEVEIOFMENT OF THE KSK ANTENNA

- an entirely new, exceptionally low noise antenna system.,

DEVEIOPMENT OF THE FLUTED FEED .

- & broad beamwidth, uniform illumination, all-polarization primary feed
system which greatly improves the efficiency and low noise performance
f conventional paraboloidal reflector antennas,

DERIVATION AND EXPERTMENTAL VERIFICATION OF IESIGN CRITERIA

- for several classes of low noise pfimary'feed systems, including
dielectric lens and surface wave feed configurations,

DEVEIOPMENT OF IOW NOISE ANTENNA EVALUATION TECHNIQUES

- for determining the low noise characteristics and relative merit of a
feed design, reflector configuration, or antenna system from the measured
or estimated pattern characteristics.

INVESTIGATION OF THE ELLIPSOIDAL SUB-REFLECTOR CASSEGRAIN

- a novel low noise antenna configuration,

CONSOLIDATION AND ORGANIZATION’OF FUNDAMENTAL INFORMATION

- concerning the origin, distribution and analysis of noise sources
influencing low noise antenna performance.
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Tne development of primary and secondary pattern evaluation techniques

was aécomplished during the program. The primary pattern integration technique
prevides a powerful tool for determining the merit of a particular feed system
or a feed system combination of feed and sub-reflector. The simplification of T
fﬁis technique for the4ev§iuation of secondary patterns by the use of the average
rinor-lote level provides a direct, reasonably accurate method for secondary
pattern evaluation.
| An investigation of the ellipsoidal sub-reflector for use with Cassegrainian
antenna systems was performed during the program. The ellipsoid-paraboloid con--
figuration was presented as an example of & class of typical Cassegrainian con-
figurations wﬁich may have considerable merit. Since there are a large number of
surface combinations which may be utilized in the design of a Cassegrainian antenna,

the ellipsoidal sub-reflector was utilized as a familiar surface which appears to

‘ .have certain advantages when used in a rather unorthodox Cassegrainian configuration.

Possibly one of the most important functions of the program was the con-
solidation, orgarnization, and evaluation of a considerable amount of fundamental
information relating to the low nolse antenna field. A large number of plotted
cata, figures, tables, and antenna patterns have been presented in order to place
ir convenient and readily interpretable form the fundamental information necessary
to an intelligent analysis of low noise antenna systems,

6.3 Promising Developments

~Juring the course of the study a rumber of promising areas in which further
developmental work appears worthwhile were encountered, However, two developments

in particular appeared to be especially promising, the fluted feed surface structure
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6.3.1 Fluted Feed for Existing Antennas

":
band the XSK antenna. A brief discussion of these areas follows.

The fluted feed surface wave structure was the culmination of a considerable
effort in the developme&t of shaped §eam primafy feed techniques and is believed

to provide an optimal illumination by means for many antenna systems, and in

parpicular the paraboloidal reflector. The clrcular symmetry of the polarization
characteristics of the feed system coupled with its combined nearly uniform
illugination over a large beamwidth and reasonably rapid taper towards the outer
| region of its beamwidth affords a feed structure presenting many excellent char-r
acteristics. The high aperture efficiency attainable with this feed indicates that
improvements of approximately oﬁe db may be expected in the gain characteristics of
antenrnas ﬁtilizihg the fluted feed system over that possible by conventional horn
feed illuminatioﬁs. Suppression of minor-lobe energy due to the rapid taper'of
.the primary beam in the region of the secondary aperture edge angl the resulting low
spill-over and sm#ll values §frdifffaction lobes appears to be another significant
.feature of the feed system. For a conventional paraboloidal reflector antenna
‘ system it is significant to note that the fluted feed advantages of combined higher
gain, decreased spillover and reduced minor-lobe levels #ffords an improvement of
avout six éo ten db in the g&ih to antenna equivalent nolse temperature ratio. The
corresponding improvement in the communication system sensitivity for a given signal-

to-rnoise ratio will be determined by the noise temperature characteristics of the

it

receiving system and will alwnyé be less but generally comparable to the gain to

(IR

arntenra nolse temperature improvement. This improvement is based upon operating .
corditions for which the antenna noise and the receiver noise are the principal '

systen limitations. The stated results appear reasonable and valid for system
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employing modern low noise receiver techniques. For operational advantages of this
improvement are plainly significant in that the low noise feed shaping techniques.
applied to existing antenngisystems may improve thelr range traéking capabilities
by a factor of two or more; b; put in another way, the transmitter power fequired
from a satellite or space probe may be decreased by a facﬁor of four to eight while
maintaining the same information transfer rate and signal-to-noise ratio.

6.3.2 XSK Antennas as a New Technique

The Cassegrainian adaptation of the sectoral horn-reflecﬁor system appears
to offer a‘new antenna technique of significant electrical and mechanical advantages.
The KSK antenna design provides a compact structure, an extremely low antenna noise
temperature, feasibility.of operating without a radome, and high aperture efficiency,
coupled with broadband capability. Experimental measurements obtained for this
antenna and comparable information evaluated from other sources indicaée that the
XSK antenna establishes a practical operational antenna system which if implemented
appears reasopably certain of becoming the low noise antenna state-of-the-art.
Evaluation of the operating features and limiting factors indicate performance
superiority for the KSK antenna to all other antennas of comparable aperture in

rearly all low noise respects.

- 6.4y Recormerded Areas for Future Effort

'The principal areas which are recommended for‘future effort may be summariged
as follows: ' |
* (1) The KSK Antenna
- (2) Tne Flﬁted Feed;,
(3) Deveiopﬁent of a Cassegrainian modification for existing paraboloids.
(L) A further study of advanced low noise
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6.4L.1 The KSK Antenna

The model test experimental results on the KSK antenna indicate the
feasibility of the Cassegrainian adaptation of the sectoral horn-reflector system
as an antenna design of extreme low noilse characteristics and a mechanically high
gain configuration. It apﬁears’&dvantageous to proceed further with this novel,
compact low noise antenna system by possibly optimizing the design somewhat further
and by fabrication of a larger model or an operational full scale antenna system
of mccerate size, The antenna system certainly has a great deal of merit and
possibly cou;d provide an eptimum antenna system of compact configuration for
future utilization in the space tracldng and communication fields.

* 6.L4.2 The Fluted Feed

The optimization of the noisd characteristics of an arbitrary secondary
reflecting surface by means of beam shaping of the illumination energy incident to
the sgrface is an essential for combined antenna low noise performance and optimal f5%
gain performance. The fluted feed structure is a means by which these requirements .
have been successfully met.
. The novel manner in which the fluted feed surface wave structure obtains a
cohstaet beamwidth independent of the applied‘polarization appears to be of definite

tenefit in many applications. The immediate application of the fluted feed appears

to be in the retrofit of existing paraboloidal reflector antenna feed systems with

fluted feeds in order to improve their aperture efficiency and reduce their effective
anivenna nolse temperatures.

The fluted feed structure may also be used in any application requiring

effective illuminatlion of an aperture in a uniform manner and requiring minimization

of the energy contained in the region not subtended by the secondary surface. The
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fluted feed principle could very well be utilized as an effective primary feed for

Cassegrainian systems, éspecially since Cassegrainian systems often suffer from N
| roor aperture efficiency. Use of the fluted feed as a primary element with the

%3X antenrna ray prove to advantage. It is felt that further investigation of the
fluted feed principle in the dqvelopment of wide band and monopulse high efficiency
uniform illumination feed systems would be of considérable benefit to NASA's effort

in providing excellent low noise antenna systems with but a moderate effort in

system re-design.

6.4.3 Cassegrainian Modification of Existing Parabololds

The Cassegrainian method of operation hgs certain inherent advantages over
feed-reflector systems which are often quite'important in achieving low noise system
performance. A distinct advantage of the Cassegrainian system 1s its ability to
place the spillover energy from the primary'feeg in the relatively low noise
temper;ture sky region instead of in the relatively high noise temperature ground
region. There are also many operational advantages to be found in locating the
receiving equipment, such as maser, parametric, and other low noise amplifiers
and similar equipment behind the secondary surface, instead of at the focal point
of the paraﬂoloidal surface. ‘

Maﬂy difficulties arise from the location of maser and other low-noise
receivers at the feed point. Included among these is the necessity for using more
sturdy feed supports to hold the equipment stable with attendant noise degradation
due to absorption or reflection from these supports; the cooling difficulties
encountered in operating the maser ampiifier at some distance from & source of
cooliné media; the remote adjustment, alignment and optimizing problems associated

with the amplifiers and feed system; and various other factors assoclated with
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furnishing power or other aorvicea to the sensitive receivcr eqnipment.at the feed

point. Since many of the existing NASA large paraboloidal reflector tracking
suauions are planned’ for conversion to maser and other low noise receiving systems, v
it appears desirable to optimize thefantenna configuration séhthat maximum per-
fernance compatability with the planned receiver system may be achieved. For

these reasons it'is believed that a worthwhile area for rather immediate future
effort is in the Cassegrainian modification of existing paraboloidal reflectors

fer use’with icw noise receiver systems. An investigation of the optimum technique
by which this may be accomplished should possibly consider sub-reflectors other than

‘tHe conventional hyperboloid. The choice of a satisfactory sub-reflector and a

desifhble high efficiency 1lluminating feed containing the desired mnlti-band
monopulse feed elements presents a reaaonably complex problem but one which is
believed amenable to solution by techniquea similar to those developed during
thls program, ’ .

6.4.4 Stndy of Advanced Low Noise Techniques

Further study into the basic optimization criteria imvolved in the
development of advanced low noise antenna system appears to be of considerable

value.
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